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METHODS FOR INHIBITING ANGIOGEMESIS, CELL MXGRATION, CELL 
ADHESION, AND CELL SURVIVAL 

This invention was supported in part by grants CA71619, CA83 133, AR47347, 
DK60588 from the National Institutes of Health. Accoi-diEigly, the United States 
government may have rights in this invention. 

FIELD OF THE INVENTION 

The invention relates to methods for detecting and inhibiting angiogenesis, cell 
migration, cell adhesion, and/or cell survival in endothelial and non-endotfaelial cells as well 
as in normal and tumor cells. The invention furtlier relates to methods for screening test 
■ compounds for then- ability to mhibit angiogenesis, cell migration, cell adhesion, and/or cell 
survival, 

BACKGROUND OF THE INVENTION 

The movement of cells in vivo controls embryomc development, angiogenesis, tranor 
metastasis, the munune system response and numerous other normal and abnormal 
physiological events. Multiple cell surface reenters and signal transduction pathways 
regulate cell migration. 

Angiogenesis, for example, is essential in the female reproduction system and during 
development and wound repair. However, inappropriate angiogenesis can have severe 
consequences. Bideed, the proliferation of new blood vessels from pre-existing capillaries 
plays a key role in diseases, such as the pathological development of solid tumor cancers, 
solid tumor metastases, augiofibromas, skui caucer, retrolental fibroplasia, Kaposi's 
sarcoma, childhood hemangiomas, diabetic retinopathy, neovascular glaucoma, age related 
macular degeneration, psoriasis, gingivitis, rheimiatoid aarthritis, osteoarthritis, ulcerative 
colitis, Crohn's disease, inflammatory bowel disease, and c^illary proliferation in 
atherosclerotic plaques. Because these serious diseases afflict several milhon people in the 
United States each year, considerable scientific effort has been directed towaid gaining an 
understanding of tiie mechanisms regulating angiogenesis and toward developing therapies 
for such diseases. 

With respect to cancer, over six hundred thousand new cases of lung, colon, breast 
and prostate cancer will be diagnosed in the United States each year, accounting for 75% of 
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new solid tumor cancers and 77% of solid tumor cancer deaths. Although, advances in 
therapy and in our understanding of cancer causes and risk factors have lead to improved 
outcomes overall, most cancers still have low five year survival rates. Despite these 
advances in primary tumor management, 50% of patients wiU ultimately die of their disease 
largely due to side effects of current therapies or to the metastatic spread of tumors to 
numerous or inoperable sites through the tumor associated vasculature. It is now laiown 
that the growtii and spread of solid tumor cancer depends on the development of a tumor- 
associated vasculature by a process known as angiogenesis. 

One of the most significant consequences of tumor angiogenesis is the invasion of 
tumor cells into the vasculature. Thus, vascularization permits the survival and growth of 
primary tumors, as well as tiie metastatic spread of cancer. Metastases arise from tumor 
cells which enter the tumor's own vasculature to be carried to local and distant sites whesre 
they create new tumors. Tumors have typically established a vasculature and metastasized 
to local and distant sites by the time tihat primary tumors are detectable. 

Current treatments for cancer rely mainly on treatments which are not selective for 
the disease but which have deleterious effects on other organs of the body. For example, 
chemotherapeutics reagents or radiation have serious side effects because they Idll or impau: 
all proliferating cells in the body, including healthy cells. Side effects are unpleasant and 
often create health problems that themselves increase patient mortality. 

Angiogenesis also plays a major role in the progression and exacerbation of a 
number of inflammatory diseases. Psoriasis, a disease which afflicts 2 million Americans, 
is characterized by significant angiogenesis. In rheumatoid arthritis and possibly 
osteoarthritis, the influx of lymphocytes into joints induces blood vessels of the jomt 
sjmovial Uning to undergo angiogenesis; this angiogenesis qjpears to permit a greater influx 
of leukocytes and the destruction of cartilage and bone. Angiogenesis may also play a role 
in chronic inflammatory diseases such as ulcerative colitis and Crohn's disease. In addition, 
the growth of capillaries into atherosclerotic plaques is a serious problem; the rupture and 
hemorrhage of vascularized plaques is thought to cause coronary thrombosis. To datej, 
however, no effective therapies exist for fliese diseases. 

Angiogenesis is also a factor in many oph&ahnic disorders which can lead to 
blindness. In age-related macular degeneration (ARMD), a disorder afflicting 25% of 
otherwise healthy mdividuals over the age of 60, and in diabetic retinopathy, a condition 
prevalent among botti juvenile and late onset diabetics, angiogenesis is induced by hypoxic 
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conditions on the choroid or the retina, respectively. Hypoxia induces an increase in the 
secretion of growth factors including vascular endothelial growth fector (VEGF). VEGF 
expression in the eye may induce the migration and proliferation of endothelial cells into 
regions of the eye where they are not ordinarily found. Vascularization in ocular tissue has 
adverse effects on vision. New blood vessels on the cornea can induce corneal scarring, 
whereas new blood vessels on the retina can induce retinal detachment, and angiogenic 
vessels in the choroid may leak vision-obscuring fluids; these events often lead to blindness. 

For other pathological conditions associated with abnormal angiogenesis such as 
diabetic retinopathy, there are no effective treatments short of retinal transplants. However, 
even if retinal transplantation is performed, the new retina would be subject to the same 
conditions that resulted in the original retinopathy. 

Furthermore, there exist several pathological conditions in which imdesirable cell 
migration, cell adhesion and/or cell survival are implicated. While agents which prevent 
angiogenesis, cell migration, cell adhesion, and/or cell survival are currently being tested, 
there remains a need to identify the molecular interactions involved in these phenomena 
when tliey attain undesirable levels in certain pathological conditions, and to develop 
methods and compositions for diagnosing and specifically treating such pathologies. 

SUMMARY OF THE INVENTION 

The invention relates to methods for detecting and inhibiting angiogenesis, cell 
migration, cell adhesion, and/or cell survival in endothelial and non-endothelial cells as well 
as in normal and tumor cells. The invention further relates to methods for screening test 
compounds for thdr ability to inhibit angiogenesis, cell migration, cell adhesion, and/or cell 
survival. 

hi particular, the invention provides a method for reducing at least one of cell 
migration, cell survival, cell adhesion, and angiogenesis, comprising: a) providing: i) at least 
one cell; and ii) at least one nucleotide sequence encoding a protein comprising a protein 
kinase A catalytic subunit; and b) expressing said nucleotide sequence in said at least one 
cell such that at least one of migration of said cell, survival of said cell, adhesion by said 
cell, and angiogenesis by said cell is reduced, hi one embodiment, the method further 
comprises step c) detecting a reduction in at least one of migration of said cell, survival of 
said cell, adhesion by said cell, and angiogenesis by said cell, hi another embodiment, the 
cell is chosen from endothelial cell, vascular smooth muscle cell, monocyte cell, 
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macrophage cell, benign tumor cell, malignant tumor cell, fibroblast cell, B cell, T cell, 
myocyte cell, megakaryocj^te cell, eosinophil cell, neurite cell, and syaoviocjrte cell. la a 
further embodiment, the cell is an endothelial cell In yet another embodiment, expression 
of said nucleotide sequ^ioe in said endothelial cell results in reduced augiogenesis by said 
endothelial cell. la. an alternative embodiment, the ceU is in a tissue, and said tissue is in a 
subject, such as a human. In another embodiment, the cell is aa endothelial cell, and said 
tissue comprises at least one of ocular tissue, skin tissue, bone tissue, and synovial tissue. In 
another embodiment, the tissue comprises a tumor, such as a malignant tumor, and 
preferably tite malignant tumor is metastatic. In a further embodiment, the subject has a 
pathological condition associated with augiogenesis in said tissue. In another embodtment, 
the subject has a pathological condition chosen firom angiogenesis, restenosis, 
atherosclerosis, cancer, tumor metastasis, fibrosis, hemangioma, lymphoma, leukemia, 
psoriasis, arthritis, autoirmiiune disease, diabetes, amyotrophic lateral sclerosis, graft 
rejection, retinopathy, maculai- degeneration, and retinal tearing. Alternatively, the 
pathological condition is fibrosis aad said tissue is chosen fiom heart, lung, and liver. In a 
fbther embodiment, the pathological condition is an autoimmune disease chosen from 
Lupus, Crohn's disease, and multiple sclerosis. 

The invention also provides a method for reducing at least one of cell migration, cell 
survival, ceU adhesion, and angiogenesis, comprising: a) providing; i) at least one cell; and 
ii) at least one polypeptide sequence comprising a sequence chosen from at least one of 
AVSEHQLLHS/D (SEQ ID N0:114) and SVSEIQIMNL (SEQ IDN0:115); and b) 
treating said at least otne cell with said polypeptide sequence such that at least one of 
migration of said cell, survival of said cell, adhesion by said cell, and angiogenesis by said 
ceU is reduced. In one embodiment, the method fiirther comprises step c) detecting a 
reduction in at least one of migration of said cell, survival of said cell, adhesion by said ceU, 
and angiogenesis by said cell. 

Also provided is a method for reducing at least one of cell migration, cell 
survival, cell adhesion, and augiogenesis, comprising: a) providing: i) at least one cell that is 
not an endothelial cell; and ii) at least one antibody specific for an integrin expressed by said 
at least one cell; and b) treating said at least one cell with said at least one antibody such that 
at least one of migration of said cell, adhesion by said ceh, and survival of said cell is 
reduced. In one embodiment, the method further comprises step c) detecting a reduction in 
at least one of migration of said ceU, adhesion by said cell, and survival of said cell, hi an 
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alternative embodiment, the antibody reduces specific binding of said integrin to at least one 
ligand of said integrin. la a further embodiment, the integrin is chosen firom alpha v beta 1, 
a^havbetaS, alpha v beta 5, alpha v beta 6, alpha v beta 8, alpha 1 beta 1, alpha 2 beta 
1, alpha 3 beta 1, alpha 4 beta 1, alpha 5 beta 1, alpha 6 beta 1, alpha 7 beta 1, alpha 8 
betal, alpha 9 beta 1, alpha 10 beta 1, alpha 6 beta 4, alpha 4 beta 7, alpha M beta 2, 
alpha L beta 2, and alpha X beta 2. 

The invention additionally provides a method for reducing at least one of endothelial 
cell migration, endothelial cell survival, endothelial cell adhesion, and angiogenesis by an 
endothelial cell, comprising: a) providing: i) at least one endothelial cell; and ii) at least one 
antibody specific for an integrin expressed by said at least one endothelial cell; and b) 
treating said at least one endothelial cell with said at least one antibody such that at least one 
of endothelial cell migration, adhesion by said endothelial cell, endothelial cell survival, and 
angiogenesis by said endothehal cell is reduced. In a further embodiment, the metliod 
comprises step c) detecting a reduction in at least one of migration of said cell, survival of 
said cell, adhesion by said cell, and angiogenesis by said cell. In another embodiment, the 
antibody reduces specific binding of said integrin to at least one hgand of said integrin. In 
one embodiment, the integrin is not alpha 5 beta 1 . In a fiuiher embodiment, the integrin is 
chosen fiom alpha V beta 1, alpha v beta 3, alpha v beta 5, alpha v beta 6, alpha v beta 8, 
alpha 1 beta 1, alpha2 beta 1, alphaS beta 1, alpha4beta 1, alpha 6 beta 1, alpha 7 beta 
1, alpha 8 betal, alpha 9 betal, alpha 10 beta 1, alpha 6 beta 4, alpha 4 beta 7, alpha M 
beta 2, alpha L beta 2, alpha X beta 2. 

Also provided is a method for reducing at least one of cell migration, ceU 
survival, cell adhesion, and angiogenesis, comprising: a) providing: i) at least one cell; and 
ii) at least one agent chosen from pertussis toxin, cholera toxin, G alpha i mioigene, 
dominant negative G a^ha i, dominant negative G alpha 12/13, constitutively active G 
alpha s, anti-CD47 antibody, dominant positive Rho ^oV14), dominant negative Sue, and 
active Cak; and b) treating said at least one cell with said at least one agent such that at 
least one of cell migration, cell survival, cell adhesions, and angiogenesis by said cell is 
reduced. In one embodiment, tiie method fiirther comprises step c) detecting a reduction in 
at least one of migration of said ceil, survival of said cell, adhesion by said cell, and 
angiogenesis by said cell. 

Also provided by the invention is a method for reducing at least one of cell 
migration, cell survival, cell adhesion, and angiogenesis, comprismg: a) providing: i) at least 
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one cell; and ii) at least one Src ioMbitor; and b) treating said at least one cell with said at 
least one Src inhibitor such that at least one of cell migration, cell survival, cell adhesion, 
and angiogenesis by said cell is reduced. In one embodiment, the method firrther comprises 
step c) detecting a reduction in at least one of migration of said ceil, survival of said cell, 
adhesion by said cell, and angiogenesis by said cell. 

In particular, the present invention provides a method of inhibiting cell migration, 
comprising: providing: a cell; and a nucleotide sequence encoding a protein kinase A 
. catalytic aubunit; and expressing the nucleotide sequence in the cell such that migration of 
the cell is inhibited. In some of these embodtments, the cell is selected from the group of 
endothelial cell, vascular smooth muscle cell, monocyte cell, macrophage cell, benign tumor 
cell, malignant tumor cell, jElbroblast cell, B cell, T cell, myocyte cell, megakaryocyte cell, 
eosinophil cell, neurite cell, and synoviocyte ceU. In further embodiments, the ceU is in a 
tissue, fflid the tissue is in a subject (e,g., a human). In some embodiments of the present 
invention, the subject has angiogenesis in the tissue, alternatively, in other embodiments, the 
subject is suspected of being capable of developing angiogenesis in the tissue. 

In some embodiments, the present invention provides methods of treating 
endothelial cells (e.g., vascular cells, smooth muscle cells, and the hke), and the tissues, 
include, but are not Hmited to, ocular tissue (e.g., the ocular tissue is selected firom retina, 
macula, cornea, choroids, and vitreous humor), skin tissue, bone tissue, or synovial tissue. 

In some embodiments, the treated tissue comprises a tumor (e.g., metastatic, begin, 
malignant). la preferred embodiments, malignant tumors, include, but ai-e not limited to, 
carcinoma, sarcoma, glioblastoma, astrocytoma, neuroblastoma, and retinoblastoma). In 
still further embodiments, the malignant tumor is metastatic, hi yet other embodiments, 
malignant tumors contemplated for treatment with the methods and compositions of the 
present invention include, but are not limited to, gastric cancer, head cancer, neck cancer, 
lung cancer, breast cancer, prostate cancer, cervical cancer, pancreatic cancer, colon cancer, 
ovarian cancer, stomach cancer, esophagus cancer, mouth cancer, tongue cancer, gum 
cancer, skm cancer, muscle cancer, heart cancer, Hver cancer, bronchial cancer, cartilage 
cancer, bone cancer, testis cancer, kidney cancer, endometrium cancer, uterus cancer, 
bladder cancer, bone marrovs^ cancer, lymphoma cancer, spleen canceir, thymus cancer, 
thyroid cancer, brain cancer, neuron cancer, gall bladder cancer, ocular cancer, joint cancer, 
glioblastoma, mesothehoma, lymphoma, leukemia, melanoma, squamous cell carcuioma, 
osteosarcoma, and Kaposi's sarcoma. 
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In still some otiier embodiments, the subject has a pathological condition associated 
with angiogenesis in the tissue. The present invention is not intended to be limited to 
treating any paaiiciilar tissue in a subject. For example, tiie present invention provides 
methods and compositions for treating tissues, mcluding, but not limited to, ocular tissue 
(e.g., retina, macula, cornea, choroids, and vitreous humor), skin tissue, bone tissue, or 
synovial tissue. 

In yet other embodiments, the subject has a pathological condition selected from the 
group of angiogenesis, restenosis, atherosclerosis, cancer, tumor metastasis, fibrosis (e.g., 
hear, liver, lung, and the like), hemangioma, lymphoma, leukemia, psoriasis, arthritis, 
autoimmune disease, diabetes, amyotiophic lateral sclerosis, graft rgection, retinopathy, 
macular degeneration, and retinal tearing. 

In some embodiments, the subject has an autoimmime disease, such as, Lupus, 
Crohn's disease, and multiple sclerosis, and the like. In other embodiments, the subject has 
a pathological condition, including, but not hmited to, restenosis, atherosclerosis, fibrosis, 
hemangioma, lymphoma (e.g.,B cell lymphoma), leukemia {e.g., B cell leukemia), 
psoriasis, aithritis, amyotrophic lateral sclerosis, graft rejection, retinopathy, macular 
degeneration, and retinal tearing, rheumatoid arthritis and osteoarthritis, and the like). The 
present invention specifically contemplates therapeutic methods and compositions for 
treating any of the aforementioned disease/conditions, as well as other related 
disease/conditions within the scope of the present mvention in any particular cells or tissues 
where these conditions/disease occur. 

In still further embodiments, the present invention provides methods of inhibiting 
cell migration, comprising: providing: a cell; and a polypeptide sequence comprising the 10 
amino acids at the N-terminal end of a peptide selected fi"om the group of parathyroid 
hormone and parathyroid hormone related peptide; and treating the cell with the polypeptide 
sequence such that migiation of the cell is inhibited. In one embodiment, the 10 amino 
acids at the N-tenninal end of parathyroid hormone related peptide is AVSEHQLLHS/D 
(i.e., wherein the amino acid at position 10 is chosen fiiom S and D) (SEQ ID N0;1 14). In 
another embodiment, the 10 amino acids at the N-terminal end of parathyroid hormone is 
SVSEIQLMNL (SEQ ID NO: 115). 

Alternatively, the present invention also provides methods of inhibiting cell 
migration, comprising: providing: an endothelial cell; and an antibody specific for an 
integrin {e.g., alpha v beta 1, alpha v beta 3, alpha v beta 5, alpha v beta 6, alpha v beta 8, 
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alpha 1 beta 1, alpha 2 beta 1, alpha 3 beta 1, a^ha 4 beta 1, a^ha 6 beta 1, alpha 7 beta 1, 
alpha 8 beta 1, alpha 9 beta 1, alpha 10 beta 1 , alpha 6 beta 4, alpha 4 beta 7, alpha Mbeta 
2, alpha L beta 2, alpha X beta 2, and al^ha Hb beta 3, and the Hke); and treatiiig the 
ejidotheUal cell with the antibody such that migration of the endothelial cell is inhibited. la 
some embodiments, the antibody inhibits specific binding of the integrin to a ligand of the 
integrin. 

StiU further embodiments of the present invention provide methods of inhibiting cell 
migration, comprising: providing: a cell, wherein the cell is not an endothelial cell; and an 
antibody specific for an integrin (e.g. , alpha v beta 1 , alpha v beta 3, alpha v beta 5, alpha v 
beta 6, alpha v beta 8, alpha 1 beta 1, alpha 2 beta 1, alpha 3 beta 1, alpha 4 beta 1, alpha 5 
beta 1, alpha 6 beta 1, alpha 7 beta 1, alpha 8 beta 1, alpha 9 beta 1, alpha 10 beta 1, alpha 6 
beta 4, alpha 4 beta 7, alpha M beta 2, alpha L beta 2, alpha X beta 2, and alpha lib beta 3, 
and the Hke); and treating the cell with the antibody such that migration of the cell is 
inhibited. In some embodiments, the antibody inhibits specific binding of the integrin to a 
ligand of the integrin. 

The present invention is not limited, however, to providing antibodies that bind to 
integrins alpha v beta 1, alpha v beta 3, alpha v beta 5, alpha v beta 6, alpha v beta 8, alpha 1 
beta 1, alpha 2 beta 1, alpha 3 beta 1, alpha 4 beta 1, alpha 5 beta 1, alpha 6 beta 1, alpha 7 
beta 1, alpha 8 beta 1, alpha 9 beta 1, alpha 1 0 beta 1, alpha 6 beta 4, alpha 4 beta 7, alpha 
M beta 2, alpha L beta 2, alpha X beta 2, and alpha Hb beta 3. Indeed, the compositions and 
methods of the present invention find use with antibodies that bind to a number of other 
integrins Icnown to those sidlled in the art. 

Some embodiments of the present invention provide methods of inliibiting cell 
migration, comprising: providing: a cell; and an agent (e.g., pertussis toxin, cholera toxin, G 
alpha i minigene, dominant negative G alpha i, dominant negative G alpha 12/13, 
constitutively active G alpha s, anti-CD47 antibody, donunant positive Rho (RhoV14), 
dominant negative Src, and active Csk, and the like); and treating the cell with the agent 
such that migration of the cell is inhibited. 

Still further embodiments of the present invention provide, methods of inhibiting 
cell survival, comprising: providing: a ceil; and a nucleotide sequence encoding a protein 
kinase A catalytic subunit; and expressing the nucleotide sequence in the cell such that 
survival of the cell is inhibited. In some of these embodiments, the cell is an endothehal 
cell, vascular smooth muscle cell, monocyte cell, macrophage cell, benign tumor cell, 
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malignant tumor cell, fibroblast oeU, B cell, T cell, myocyte cell, megalcaryocyte cell, 
eosinophil ceU, neurite cell, and synoviocyte cell, and. Ihe like. In some embodiments, the 
cell is a tissue. In some further embodiments, the tissue sis a subject, ha still some other 
embodiments, the tissue comprises a tumor (e.g., carcinoma, sarcoma, glioblastoma, 
astrocytoma, neuroblastoma, and rettnoblastoma, gastric cancer, head cancer, neck canca:, 
lung cancer, breast cancer, prostate cancer, cervical cancer, pancreatic cancear, colon cancer, 
ovarian cancer, stomach cancer, esophagus cancer, mouth cancer, tongue cancer, gum 
cancer, skin cancer, muscle cancer, heart cancer, liver cancer, bronchial cancer, cartilage 
cancer, bone cancer, testis cancer, kidney cancer, endometrium cancer, uterus cancer, 
bladder cancer, bone marrow cancer, lymphoma cancer, spleen cancer, thymus cancer, 
thyroid cancer, brain cancer, neuron cancer, gall bladder cancer, ocular cancer, joint cancer, 
glioblastoma, mesothelioma, lymphoma, leulceima, melanoma, squamous cell carcinoma, 
osteosarcoma, and Kaposi's sarcoma, etc.). 

In still some other embodiments, the subject has a pathological condition associated 
with angiogenesis in the tissue (e.g., ocular tissue (e.g., retina, macula, cornea, choroids, and 
vitreous humor) skin tissue, bone tissue, or synovial tissue). 

hi alternative embodiments of the present invention, the subject has a pathological 
condition, including, but not limited to, angiogenesis ie.g., endothelia cell and vascular 
smooth muscle cell), restenosis {e.g., a vascular smooth muscle cell), atherosclerosis (e.g., 
vascular smoolh. muscle cell, monocyte cell and macrophage cell), cancer, tumor metastasis, 
fibrosis (e.g.f heart, lung, and liver), hemangioma (e.g., endothelial ceU), lymphoma (e.g., B 
cell), leukemia (e.g., B cell), psoriasis (e.g., endothelial cell), arthritis {e.g., endothelial cell, 
synoviocyte cell, and fibroblast cell), autoimmune disease (e.g., Lupm, Crohn's disease, and 
multiple sclerosis), diabetes, amyotrophic lateral sclerosis (e.g., B ceU), graft rejection (e.g., 
B cell), retinopathy, macular degeneration, and retinal tearing. 

Other embodiments of the present invention provide mefliods of inhibiting cell 
survival, comprising: providing: a cell; and a polypeptide sequence comprising the 10 amino 
acids at the N-terminal end of a peptide {e.g. , parathyroid hormone and parathyroid hormone 
related peptide); and treating the ceU with the polypeptide sequence such tliat survival of the 
cell is inhibited. 

Still other embodunents of the present invention provide methods of inhibiting cell 
survival, comprising: providing: an cell {e.g., an endothelial cell); and an antibody specific 
for an integrin (e.g., alpha v beta 1, alpha v beta 3, alpha v beta 5, alpha v beta 6, alpha v 
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beta 8, alpha 1 beta 1, alpha 2 beta 1, alpha 3 beta 1, alpha 4 beta 1, alpha 6 beta 1, alpha 7 
beta 1, alpha 8 beta 1, alpha 9 beta 1, alpha 10 beta 1, alpha 6 beta 4, alpha 4 beta 7, alpha 
M beta 2, alpha L beta 2, alpha X beta 2, and alpha Db beta 3, and the like); and treating the 
endothelial cell with the antibody such that survival of the eadofhelial cell is inhibited. 

Additional embodimeoits provide methods of inhibitiiig cell survival, comprising: 
providing: a cell (e.g., endothelial cell); and an agent (e.g., pertussis tojdn, cholera toxrn, G 
alpha i minigene, dominant negative G alpha i, dominant negative G alpha 12/13, 
constitutively active G alpha s, anti-CD47 antibody, dominant positive Rho (RhoV14), 
dominant negative Sre, and active Csk, and the like); and treating the cell with tlie agent 
suclithat survival of the cell is inhibited. 

Yet other additional embodiments of the present invention provide methods of 
inhibiting angiogenesis in a tissue, comprisiag: providing: a tissue; and a nucleotide 
sequence encoding a protein kinase A catalytic subunit; and expressing the nucleotide 
sequence in the cell such that angiogenesis in the tissue is inhibited. 

Methods of inhibiting angiogenesis, comprising: providing: a tissue; and a 
polypeptide sequence comprising the 10 amitio acids at the N-termiual end of a peptide, 
such as, parathyroid honnone and parathyroid hormone related peptide; and treating the 
tissue with the polypeptide sequence such that angiogenesis in the tissue is inhibited. 

In some embodiments, the present invention provides methods of inhibiting 
angiogenesis, comprising: providing: a tissue; and an antibody specific for an integrin (e.g., 
alpha. V beta 1, alpha v beta 3, alpha v beta 5, alpha v beta 6, alpha v beta 8, alpha 1 beta 1, 
alpha 2 beta 1, alpha 3 beta 1, alpha 4 beta 1, alpha 6 beta 1, alpha 7 beta 1, alpha 8 beta 1, 
alpha 9 beta 1, alpha 10 beta 1, a^ha 6 beta 4, alpha 4 beta 7, alpha M beta 2, alpha L beta 
2, alpha X beta 2, and alpha Db beta 3, and the like); and treating the endothehal cell with 
the antibody such that siuT/ival of Ihe endothelial cell is iohibited. 

Additionally, the present invention provides methods of inhibiting angiogenesis, 
comprising: providing: a tissue; and an agent (e.g., pertussis toxin, cholera toxin, G alpha i 
minigene, dominant negative G alpha i, dominant negative G alpha 12/13, constitutively 
active G alpha s, anti-CD47 antibody, dominant positive Rho (RhoV14), dominant negative 
Src, and active Csk, and the like); and treating the tissue with the agent such that 
angiogenesis in the tissue is inhibited. 

The present invention also provides methods for inhibiting angiogenesis, and/or cell 
migration in a tissue, comprising: providing: a tissue; an agent that activates protein kinase 
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A; treating the tissue with the agent under conditions such that protein Mnase A is activated. 
In seine of these embodiments, the agent activates tiie protein kinase A by inhibiting 
integrin ligation (e.g., aSfil integrin). In still some other embodiments, the agent is an anti- 
integtin a5pl antibody. In some other embodiments, the agent is a cell pexmeable cAMP 
(e.g., dibutyryl cAMP). In yet other embodiments, agent comprises a peptide (e.g„ catalytic 
subimit of protein kinase A, PTH, PTHrP). 

It is understood that any of the methods of the present invention may optionally 
con^se ati additional step of obscdrving the effects of the agent(s) of interest on 
cells/tissues. 

In still further embodiments, the present invention provides methods of inhibiting 
cell migration, comprising: providing: cells; an agent that activates protein Idnase A and 
inhibits integrin aSpl ligation; and treating the cells with the agent under conditions such 
that protein kinase A is activated. Further embodiments, of the present invention provide 
methods of inhibiting angiogenesis in a subject, comprising; providing: a subject comprising 
a tissue; and an agent that activates protein kinase A; and administering the agent to the 
subject imder conditions such that protein Idnase A is activated. 

In some embodiments, the present invention provides therapeutic methods of 
treating malignant tumors, including, but not limited to, lung cancer, breast cancer, prostate 
cancer, cervical cancer, pancreatic cancer, colon cancer, ovarian cancer, stomach cancer, 
esophagus cancer, mouth cancer, tongue cancer, gum cancer, skin cancer, muscle cancer, 
heart cancer, hver cancer, bronchial cancer, cartilage cancer, bone cancer, testis caucer, 
kidney cancer, endometrium cancer, uterus cancer, bladder cancer, bone marrow cancer, 
lymphoma cancer, spleen cancer, thymus cancer, thyroid cancer, brain cancer, neuron 
cancer, mesothelioma, gall bladder cancer, ocular cancer, joint cancer, glioblastoma, 
lymphoma, leukemia, osteosarcoma, Kaposi's sarcoma, and the like. 

Still fiirther embodiments provide methods for screening a test compound, 
comprising: providing: cells; a test compound suspected of activating protein kinase A; and 
treating the cells with the test compound to produce treated cells; detecting activation of 
protein kinase A in the cells; and identifying the test compound as inhibiting angiogenesis 
and/or cell migration. 

In some embodiments, the present invention further provides Idts for inhibiting 
angiogenesis and/or cell migration in a tissue, comprising: providing: a tissue; an agent that 
activates protein kinase A; and instructions for using the kit for inhibiting angiogenesis 
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andi'or cell migration in the tissue. 

In yet another embodinient, the invention provides a method for reduciag at least one 
of cell migratioii, cell survival, cell adhesion, and angjogenesis, comprising: a) providing: i) 
at least one cell; and ii) at least one Sic inhibitor; and b) treating said at least one cell with 
said at least one Src inhibitor such that at least one of cell migration, cell survival, adhesion 
by said cell, and angiogenesis by said cell is reduced. La one embodiment, the metliod 
fiuther comprises step c) detecting a reduction in at least one of migration of said cell, 
survival of said cell, adhesion by said cell, and angiogenesis by said cell. In a further 
embodiment, the Src inhibitor is chosen from 4-Amino-l-tert-butyl-3-(r- 
naphthyl)pyrazoIo[3,4-d]pyrimiduie (PPl), 4-Ainin.o-5-(4-chlorophenyl)-7-Ct- 
butyI)pyrazolo[3,4-d] pyiimidine (PP2), (Z)"3-[4-(Dimetliylamino)benzylidenyl]indolin-2- 
one, a -Cyaiio-(3,4-dihydroxy)ciimamoyl-(3',4'-dihydroxypIienyl)ketone, 5-Amino-[(N-2,5- 
dihydroxyben2yl)-N'-2-hydroxyben2yl]saHcylic Acid, 2',4',3,4-Tetrabydroxyclialcone, 3- 
Hydroxy-1 -methoxyanthraquinone-2-aldehyde, 5-Amino- [(N-2,5-dihydroxybeiizyl)-N'-2- 
hydroxybenzyljsalicylic Acid, (Z)-5-Bromo-3-(4,5,6,7-tetrahydro-lH-indol-2-yhnethylene)- 
l,3-dLhydroindol-2-one, 2',4'3,4-Tetrahydoxychalcone, 3-Hydroxy-l- 
methoxyaitliraquinone-2-aldehyde, 4--(4'-Phenoxyaailino)-6,7-dimefhoxyquiiiazoIiiie, 
Herbimycin A, Streptomyces sp., Lavendustin A, Radicicol, Dilieterospora chlamydosporia, 
andp60v-src 137-157 Mubitor Peptide (VAPSDSIQAEEWYFGKTrRRE) (SEQ ID 
NO: 116). 

DESCRIPTION OF THE DRAWINGS 

The following figures form part of the specij5cation and are included to fbrther 
demonstrate certain aspects and embodiments of the present invention. The present 
invention is not intended to be limited however to the embodiments specifically recited in 

these figures. 

Figure 1. Unligated integrins suppress cell migration. (A) Immunolocalization of 
integrin avp3, integrin a5p 1 , fibronectin and major histocompatibility complex antigen in 
proliferating human umbilical vein endothehal cells ("HUVECs") cultured on vitronectin 
coated culture plates for 4 hours. Arrowheads indicate localization of proteins in focal 
adhesions. (B) Immunoblotting for fibronectin expression in lysates of endothelial cell 
(HtrVECs) and TE24 epidermal carcinoma cells. Endothelial cell migration (C) adhesion 
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(D) on vitronectin in the presence of basal endothelial culture medium or 25 ng/ml anti- 
ocSpi, anti-avps and anti-a2pl antibodies. (E) Endothelial ceU migration on collagen in the 
presence of medimn, aati-a5pl, anti-avp3, or anti-ot2pi antibodies. (F) Rhodamine- 
phalloidin staining of filamentous actiu in endothelial cells attached to vitronectin in the 
absence (medimn) or presence of auti-integrin cx5p 1 or o[2pl antibodies. Arrowheads 
indicate actin filaments. Asterisks indicate results that are significantly different j&om 
control treatments CP<0.05) as determined by Student's t-test 

Mgure 2. PKA is negatively regulated by integrin ligation. (A) Time course of PKA 
activation in endothelial cells placed in suspension (suspended) or maintained in monolayers 
(attached), (B) Time course of PKA activation in endotheUal cells maintaiaed in suspension 
for 30 minutes (t=-30), then retained in suspension (suspended) or allowed to re-attach to 
vitronectin coated culture plates (re-attached). (C) PKA activity in endotheUal cells treated 
with or without dibutyryl cAMP. (D) ECs were maintained in suspension for 60 minutes 
(sus) or allowed to attach for 60 minutes to vitronectin, fibronectin, or collagen-coated 
culture plates in the absence (med) or presence of antibody antagonists of integrins ot5pl, 
a2piandavp3. 

Figure 3. Unligated integrins suppress cell m^ation in a PKA dependent manner. 

(A-B) Migration of endothelial cells (A) transfected with a control transgene, NIGFP (black 
bara), or co-transfected with pcDNA 3.1 V5/his-dnPKA and NIGFP (gray bars), on 
vitronectin in the presence of 25 fig/ml anti-a5pl, anti-a2pl or anti-avps antibodies. 
Transfected cells were identified by green fluorescence. (B) Migration of endothelial cells 
traasfected with pcDNA 3.1 V5/his-dnPKA and NIGFP (stippled bars) or NIGFP alone 
(black bars) on vitronectin in the presence of 25iJ.si'ml anti-avp3, anti-avpS, anti-a2pl or 
anti-avp3 in combination with anti-avpS. Transfected cells were identified by green 
fluorescence. (C) PKA activity cells in transfected with dnPICA or GFP and treated with 250 
|j,M dibuytyrl cAMP for 30 mitmtes. (D) Expression of dnPKA and GFP transgenes in 
endothelial cells and COS cells was detected by Western blotting for the V5 tag and GFP. 

(E) Endothelial cells transfected with NIGFP or with pcDNA 3.1 V5/his-dnPICA and 
NIGFP attached to vitronectin-coated coverslips for 60 minutes were stained with 
rhodamine-phalloidin. Transfected cells were identified by green fluorescence. Arrowheads 
indicate stress fibers. Asterisks indicate results that are significantly different from control 
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treatments (P<0.05) as detennined by Student's t-test 

Fignre 4. Activated PEA directly inhibits cell migratiou See also online supplementary 
movies Fig 4. Mov.l (-cAMP) and Kg. 4. Mov.^ (+cAMP). (A) Freeze frame selections of 
time lapse video microscopy of cell migration without (left panel) and with (right panel) 
activation of PKA with dibutyryl cAMP, shown at 20 minute intervals. Arrowheads mark 
the location of nuclei at time 0. (B) Average distance traveled by nuclei over 40 minutes. 
(C) Spindle shaped cells (upper left, arrowhead) and membrane ruffling (upper tigjit, 
arrowhead) are observed in untreated cells (- cAMP) while flattened cells and no ruffling are 
observed in cAMP treated cells (+ cAMP) 40 minutes after cAMP addition. (D) Average 
cell polarity before and after cAMP treatment (E) Rhodamine phalloidin and anti-viaculin 
staining before and after cAMP treatment. (F) Average number of focal adhesions +/- 
S.E.M. per cell (n=20) before and after cAMP treatment Asterisks indicate results tliat are 
significantly different ftom control treatments (P<0.05) as determined by Student's t-test. 

Figure 5. Activated PKA inhibits cell migration and stimulates cell adhesion. (A) 
Migration on vitronectin of endothehal cells transfected with pcDNA 3.1 V5/his-dnPKA 
and NIGFP (gray bars) or NIGFP (black bars) vectors in the absence or presence of 250 
pM dibutyiyl cAMP. (B) Migration of endothelial cells transfected with pcDNA 3.1 V5/his- 
PKA catalytic subunit and NIGFP or NIGFP vectors alone on vitronectin. (C) Expression 
of transgenes in endothelial cells was detected by Western blotting for the V5tag on PKAcat 
and for GFP. (D) Attachment to vitronectin of endothelial cells treated with cAMP or basal 
culture medium. (E) Attachment to vitronectin of endothelial cells transfected with pcDNA 
3.1 V5/his-PKA catalytic subunit and NIGFP (PKACat) or NIGFP (GFP) vectors. (F) 
Endothehal cells treated with (+cAMP) or without dibutyryl cAMP (-cAMP) were allowed 
to attach to vitronectin-coated coverslips for 60 minutes and were stained with rhodamine- 
phalloidin. Endothelial cell transfected with NIGFP (GFP) or pcDNA 3.1 V5/liis-PKAcat 
and NIGFP (PKAcat) were allowed to attach to vitronectin-coated coversUps for 60 mmutes 
and were stained with rhodamine-pballoidin. Transfected cells were identified by green 
fluorescence. Arrowheads indicate well-formed stress fibers. Asterisks indicate results that 
are significantly different from control treatments (P<0.05) as detennined by Student's t- 
test. 
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Figure 6. Unligated integrins activate the smaU GTPase Rho. (A) AflBnity precipitated 
RhoGTP and total Rho levels were measured in endothelial cells attached to vitronectin for 
0-90 minutes in ttie presence of culture medium. The ratio of active Rho (RiioGTP) to total 
Rho was detennined and gr^hed vesrsus time. (B) AESnity precipitated RhoGTP and total 
Rho levels were measured in esndothelial cells attached to vitronectin for 0-30 minutes in the 
presence of culture medium, anti-aSpl and anti-a2|31. The ratio of active Rho (RhoGTP) to 
total Rho was determined and graphed versus time. (C) Rhodamine-Phalloidin starmng for 
F-actin in V14Rho, N19Rho or NIGFP (GFP) transfected endothelial cells attached to 
vitronectin for one hour in the absence or presence of aQti-integrin cdpl or a2pi. 
Transfected cells were identified by green fluorescence. Arrowheads indicate stress fibers. 
(D) Expression of GFP and mutated Rho proteins were detected by Western blotting of 
detergent extracts of transtected cells with anti-GFP or -HA tag antibodies. (E) The 
migration of endothehal cells transfected with NIGFP (GFP) or with HA-tagged pcDNA 
3-1 expression vectors encoding N19Rho or yi4Rho with NIGFP on vitronectin in the 
presence or absence of anti-aSpi. Transfected cells were identified by green fluorescence. 
(F) Anti-vinculin staining to detect focal adhesions in GFP and VURho transfected cells. 
(Left) Micrographs of GFO and VHRho fansfected cells. Focal adhesions are indicated by 
arrowheads. (Right) Average number of focal adhesions per cell (n=20). Asterisks indicate 
results that are significantly dif5ferent from control treatments (P<0.05) as detennined by 
Student's t-test. 

Figure 7. PKA activates RIio, thereby inhibiting stress fiber formation and cell 
migration. (A) Affinity precipitated RhoGTP and total Rho levels were measured in 
endothelial cells treated with medium or 250 pM dibutyryl cAMP that were allowed to 
attached to vitronectin for 0 or 15 minutes. The ratio of active Rho (RhoGTP) to total Rho 

was detennined. (B) Affiiuty precipitated RhoGTP and total Rlio levels were measured in 
endothelial cells transfected with NIGFP (GFP) or PKAcat (PKAcat) that were allowed to 
attached to vitronectin for 0 or 15 minutes. The ratio of active Rho (RhoGTP) to total Rho 
was determined. (C) Migration on vitronectin of GFP or N19Rho transfected cells that were 
treated with medium or 250 ]M dibutyryl cAMP or co-transfected with PKAcat. 
Transfected cells were identified by green fluorescence. (D) Phalloidin staining for F-actin 
in endothehal cells transfected with NIGFP (GFP), PKAcat (PKAcat) or N19Rho and 

-15- 



wo 2004/001384 



PCT/US2003/020041 



PKAcat (N19Rho+PKAcat) after one hour on vitronectin. TraEisfscted cells were identified 
by green fluorescence. Arrowheads indicate stress fibers. (E) LimiunolocaHzation of Rho A 
in cAMP treated and untreated cells. Arrowheads indicate plasma membrane. Asterisks 
indicate results that are significantly different fiom control treatments (P<0.05) as 
detennined by Student's t-tesL 

Figure 8. Unligoted integrins inhibit the small GTPase Sac. (A) Affinity precipitated 
RacGTP and total Rac levels were measured in eadothelial cells attached to vitronectin fbi' 
0-30 minutes in the presence of culture medium anti-aSpi and anti-c(2pi. The ratio of 
active Rac (RacGTP) to total Rac was determined and graphed versus time. (B) Affinity 
precipitated RacGTP and total Rac levels were measm-ed in endothelial cells treated with 25 
^g/ml anti-a2p 1 or anti-c65p 1 and allowed to attached to vitronectm for 30 minutes. The 
ratio of active Rac (RacGTP) to total Rac was determined. (C) The migration of HUVECs 
cells transfected with NIGFF (GFP) or with HA-tagged pcDNA 3.1 expression vectors 
encoding N17Rac or V12Rac with NIGFP on vitronectin in the presence or absence of anti- 
a5p 1 . Transfected cells were identified by green fluorescence. (D) Rhodamine-Phalloidin 
staining of pcDNA 3.1 V12Rac and NIGFP (RacV12) or NIGFP (GFP) transfected 
endothelial cells attadied to vitronectin in the absence or presence of anti-integrin a5 P 1 or 
a2pi. Transfected cells were identified by green fluorescence. Arrowheads indicate stress 
fibers. (E) Expression levels of GFP and mutated Rac proteins was detected by Western 
blotting of detergent extracts of transfected cells with anti-GEP or -HA tag antibodies. (F) 
Cell migration on vitronectin of endothelial cells transfected with GFP or with GFP and 
mutationally inactive (dnPAK) or constitutively active p21 kinase (dpPAK). (G) Cell 
migration on vitronectin of endothelial cells transfected with GFP (black bars) or (gray bars) 
with GFP and constitutively active p21 kinase (dpPAK) ia the absence or presence of 
cAMP, anti-a5pl or anti-a2pl. Asterisks indicate results that are significantly different 
fix)m control treatments (P<0.05) as determined by Student's t-test. 

Figure 9. PKA inhibits Rac, thereby inhibiting cell uigratioa. (A) Affmity precipitated 
RacGTP and total Rac levels were measured in endothelial cells treated witli medium or 250 
HM dibutyryl cAMP or transfected with NIGFP or PKlAcat and allowed to attached to 
vitronectin for 30 minutes. The ratio of active Rac (RhoGTP) to total Rac was determined. 
(B) Migration on viti:onectin of GFP or V12Rac transfected endothelial cells that were 
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treated with medium or 250 {iM dibutyryl cAMP or co-trmsfected wiUi PKAcat. 
Transfected cells were identified by green fluorescence. (C) Rhodamine-PhaUoidin staining 
for F-actin in endoflieUal cells transfected with NIGFP (GFP), PKAcat (PKAcat), V12Rac 
and PKAcat (V12Rac+-PKAcat) and N17Rac (NlTRac). Transfected cells were identified by 
green fluorescence. Arrowheads indicate stress fibers. (D) Affinit/ precipitated RacGTP and 
total Rac levels were measured in endothelial cells transfected with NIGFP or V14Rho and 
allowed to attached to vitronectin for 30 minutes. The ratio of active Rac (RacGTP) to total 
Rac was determined. Asterisks indicate statistically significant results (P<0.05) as 
determiaed by Student's t-test 

Figure 10. Fibronectin and integrin aSpi support endothelial cell survival. (A-C) 
HUVECs were maintained in suspension (SUS) or on fibronectia (Fn) or poly-L-lysine 
(PLL)-coated plates. (A) The percentage of annexin V positive cells on PLL or FN coated 
dishes was determined at regular intervals from 0-8h. (B) Cell lysates prepared after 4h of 
attachment were immunoblotted to detect intact (U6 kDa) and cleaved PARP (85 IcDa). The 
ratio of intact to cleaved PARP was determined by densitometry. (C) Soluble DNA 
extracted from cells attached to PLL or fibronectin was electrophoresed on 1.6% agarose 
gels. Relative DNA cleavage was determined by densitometry. (D-F) HUVECs were plated 
on fibronectin, anti-a5pl or control antibody-coated plates. (D) The percentage of annexin 
V positive cells was determined &om 0-8 h, (E) Cell lysates were inomunoblotted to detect 
intact and cleaved PARP. (EO DNA fragmentation was evaluated as in C. 

Figure 11. Integrin aS^l supports endothelial cell survival during angiogenesis in 
vivo, (A) CAMs were stimulated with bFGF or saline and then treated for 24 h with saline, 
anti-oSpi, and control antibodies. CAMs were then injected with 50 FLTC- Annexin V, 
harvested 2h later and analyzed directly by confocal microscopy. (B) Green pixels (annexin 
V+) present per optical section were quantified. (C) CAJVIs treated as in A were 
cryosectioned and immimostained with anti-cleaved caspase 3 (green) and anti-vWF (red). 
Cleaved caspase 3 positive blood vessels are yellow (arrows). (D) CAMs treated as in A 
were cryosectioned and immunostained with anti-VWF (red) and for DNA fragmentation 
(TUNEL staining, green). Arrows indicate blood vessels. Yellow structures are apoptotic 
blood vessels. (E) Soluble DNA isolated from CAMs freated as in A was electrophoresed on 
1.6% agarose gels. Molecular weight markers are 1 kb DNA ladders. Relative DNA 
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cleavage was determined by densitometry. (F) Endividuat cells isolated from CAMs treated 
as in A were stained with FITC-Aanesxin V. 

Figure 12. Unligated integrin aSpi regulates endothelial cell survival. HUVECs were 
plated on poly-L-lysine, fibronectin (A-B) car vitronectin (C-D) coated culture plates in 
culture medium (med) or culture medium containing anti-otSpi, anti-avp3, anti-a2pl 
antibodies. After ih, cell attachment was determined (B, D). After 24h, the percentage of 
FITC-Aiinexin V (A, C) positive cells was determined. (E) HUVECs plated on vitronectin- 
coated plates in the presence of function blocking anti-(x5pl or control antibodies were 
collected at regular intervals fi:om 0-8h and PAKP cleavage assessed by Western blotting. 
Relative PARP cleavage levels were determined by densitometry. 

Figure 13. Unligated integrin a5pl induces caspase 3 and 8, but not 9, activation. 
HUVECs were plated on (A) fibronectin, (B) vitronectin or (A-B) poly-L-lysine (PLL) 
coated culture plates in the presence of anti-a5pl antibodies and 50 ]iM z-DEVD-frak 
(caspase-3) or z-IETD-fink (caspase-8) inhibitors or vehicle control (0.33% DMSO) for 
24h. The percentage of annexinV positive cells was then determined. (C-D) Caspase 3 and 
8 activities were determined in HUVECs plated on vitronectin (VN), or poly-L-lysine (PLL) 
coated plates in the presence of culture medium, anti-aSpl or control antibodies. (E) Cell 
lysates were inamunoblotted with anti-caspase 3 and anti-cleaved caspase 3 antibodies. 
Relative caspase 3 cleavage was determined by densitometry. (F) Cell lysates were 
immunoblotted with anti-caspase 9 and anti-cleaved caspase 9 antibodies. 

Figure 14: Integrin antagonists induce caspase 3- and 8-depeudent apoptosis in vivo. 

(A-D) CAMs stimulated with saline or bFGF were treated with 2.5% DMSO (vehicle 
control), anti-aSpl, or anti-a5pl with 500 |u.M caspase 3 (A-B) or caspase 8 (C-D) 
inhibitors. (A, C) Blood vessels branchpoints were quantified after 48h. (B, D) Caspase 3 
and 8 cleavage was evaluated by Western blotting with (B) anti-cleaved caspase 3 or (D) 
anti-cleaved caspase 8 antibodies and anti-actin antibodies. (E) Cryosections of CAMs 
treated as in A-D were immunostained for VWF esqjression (red) and to detect DNA 
fragmentation (TUNEL staining, green). Arrows indicate blood vessels. Apoptotic vessels 
appear yellow. 
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Figure 15. Unligated aSpl mediated death is PKA-dependent (A) PKA activity was 
measured in HUVECs attached to poly-L-lysine, jBlbronectia or vitronectin in the presence or 
absence of integrin antagonists. (B) HUVECs were plated on vitronectin or poly-L-lysine 
(PLL) coated culture plates in the presence or absence of anti-ot5|31 or anti-avp3 antibodies, 
a selective PKA inhibitor (1 ]iM HA1004), or anti-integrin antibodies in combination with 1 
|iM HA1004. After 24h, the percentage of FITC-Ann©3dn positive cells was determined. C. 
Cell lysates from B were immunoblotted with anti-caspase 3 and anti-cleaved casp^e 3 
antibodies, Relative caspase 3 cleavage was detennined by densitometry. 

Figure 16. PKA negatively regulates cell survival. (A-B) HUVECs transfected with GFP 
(-) or a mutationally inactive PKA (dnPKA, +) were plated on (A) fibronectin, (B) 
vitronectin, or poly-L-lysine (PLL) coated plates in the absence or presence of anti-aSpl, 
anti-avp3 or anti-a2pl . After 24h, the percentage of Annexin V positive cells was 
determined, (C) HUVECs treated with culture medium or dibutyryl cAMP (ISOyiM) and 
HUVECs transfected with GFP or the catalytic subunit of PKA (PKAcat) were plated on 
vitronectin (Vn), or poly-L-lysine (PLL) coated plates. After 24h, the percentage of Annexin 
V positive cells was determined. (D) Expression of transgenes was detected by Western 
blotting cell lysates with anti-GFP or aiiti-V5. 

Figure 17. PKA inhibits angiogenesis by inducing apoptosis. (A) CAMs stimulated 
with bFGF were ti-ansfected 24h later by placing 4p,g pcDNAyV5/His dnPEA. or Nl-GFP 
expression plasmid on CAMs. CAMs were ti'eated on tlie same day with saline or anti-a5(31 
antibodies and were harvested 48h later. Blood vessel branch points were quantified. (B) 
Cryosections of CAMS from A were immunostained with anti-VWF (red) and were stained 
to detect fragmented DNA by the TUKEL method (green). Arrows indicate blood vessels, 
Apoptotic blood vessels appear yellow. (C) Western blots of lysates prepared from CAMs 
treated as in A were immunoblotted with anti-cleaved caspase 3 and anti-cleaved caspase 8 
as well as anti-actin as a loading control. (D) CAMs stimulated with bFGF were treated 
witii saline or 250 pM cAMP or were transfected by placing 4fig pcDNAYS/His PKAcat or 
Nl-GFP expression plasmid on stimulated CAMs. Blood vessel branch points were 
quantified 48 hours later. (E) Cryosections of CAMS from D were immunostained with 
anti-VWF (red) and were stained to detect fi-agmented DNA by the TUNEL method (green). 
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Anows indicate blood ve^els. Apoptotic blood vessels ^ear yeUow. (F) Detergent lysates 
prepared from freshly exdsed CAMs from D were immunoblotted for expression of cleaved 
caspase 3 and actin as a loading control. (G) Cryosections of CAMS from A and D were 
immunostained with anti-pentaHis (red) to detect expression of His-tagged transgenes in the 
transfected CAM tissue. Sections were counteistained with DAPL Arrows indicate blood 
vessels. 

Figure IS. PTHrP inhibits angiogenesis in vivo and endothelial cell migration in vitro. 
(a-b) bFGF or saline stimulated CAMs stimulated weare treated with (a-b) PTHrP (1-173), 
calcitonin and calcitonin gene related peptide (CGRP). (a) Blood vessel branch points +/- 
S.E.M. above background, (b) Cryosections of CAMs were immunostained with an anti- 
avp3 (filled bars) or an anti-VWF antibody (open bars) and were stained with hematoxylin 
and eosin. Left panel: quantification of immunoreactive vessels per 200X microscopic field. 
Right panel: Representative photographs for each treatment, (c) bFGF stimulated CAMs 
were treated with saline, PTHrP (1-173) or PTHrP with PTHrP ftuiction blocldng or control 
antibodies. Blood vessels branch points +A S.E.M. above background were quantified (left 
panel) and representative CAMs (right panel) were photographed, (d) Mean fluorescence 
intensity in lysates of growth factor-depleted matrigel plugs containing bFGF and PTHrP or 
bFGF and calcitonin, (e-g) Mice bearing PTHi'P negative DU145 tumors were treated witli 
sahne, PTHrP or a scrambled control peptide, (e) Net tumor volume after treatment. 
Average tumor volume is indicated by a solid line, (f) Cryosections of tumors were stained 
with hematoxylin and eosin, (g) Cryosections were immunostained stained for expression of 
vascular antigen CD31 (red) andDNA (blue). Immunoreactive vessels were quantified (left) 
and photographed at 200X magnification (right). "*" indicates P<0.05 as determined by 
Student's t-test 

Figure 19. Inhibition of angiogenesis and tumor growth by PTHrP gene delivery, (a, 

b) Chicken embryos bearing CAMs stimulated with bFGF or VEGF were injected with 
adenoviruses expressing Green Fluorescent Protem (GFP) or full length PTHrP. (a) Blood 
vessels branch points +/- S.E.M. above background were quantified (left panel). 
Cryosections of treated CAMs were immunostained with anti-PTHrP antibodies (right 
panel). Arrow indicates PTHrP positive blood vessel, (b) Cryosections of CAMs fix>m (a) 
were imrauaostained with an.ti-avp3 antibodies. Immunoreactive vessels per microscopic 
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field were quantified Qsft panel) and photographed (right panel), (c) Mean fluorescence 
intensity in Ijsates of bFGF supplemented growth factor-depleted mattigel plugs containing 
PTHrP- or GFP-ejcpressing adenoviruses, (d-e) CAMs bearing DU145 prostate carcinoma 
tumors were injected with adenoviruses expressing Green Fluorescent Protein (GFP) or full 
length PTHrP. (d) Tranois weight (left panel) and appearance at 1 OX magnification (ri^t 
panel) after seveai days, (e) Cryosections of tumors ftom (d) were iramunostained with aufi- 
avp3 antibodies and immimoreactive vessels per 200X microscopic field were quantified 
(left panel) and photographed (right panel). indicates P<0.05 as determined by 
Student's t-test. 

Figure 20: The N-ternrinal 34 amino acids of PTHrP inhibit endothelial cell migration 
in vitro and angiogenesis in vivo, (a-b) Endothelial cell migration (a) and attachment (b) to 
vitronectin in the presence of buffer, anti-avpB, PTHrP, calcitonin or CGRP. (c-d) 
Endothelial cell migration (c) and attaclunent (d) to vitronectin in the presence of buffer, 
anti-avp3, PTHrP 1-141, 1-86 and 1-34, as well as calcitonin, (f) bFGF stimulated CAMs 
were treated with saline, PTHrP fragments 1-141, 1-86 and 1-34 and calcitonin. Blood 
vessels branch points were determined. indicates P<0.05 as determined by Student's t- 
test. 

Figure 21. PTHrP amino acids 1-10 are sufficient to inhibit endothelial cell migration 

in vitro and angiogenesis in vivo, (a) Endothelial cell migration on vitronectin in the 
presence of buffer, anti-avps, PTHrP 1-34, 1-10, 15-34 and scrambled 1-10, as well as 
calcitonin, (b) bFGF stimulated CAMs were treated with saline, PTHrP 1-10, scrambled 1- 
10 and 1-34. Blood vessels branch points were determined, (c) Mean fluorescence intensity 
in lysates of growth factor-depleted matrigel plugs containing purified bFGF and saline, 
PTHrP 1-10 or scrambled PTHrP 1-10. (d) CAMs stimulated by bFGF (open squares), 
VEGF (open triangles), IL-S (solid diamonds) or TNFa (solid circles) treated with saline or 
PTHrP 1-34. Blood vessels branch points were counted and percent inhibition of saline 
control was determined. "*" indicates P<0.05 as determined by Student's t-test. 

Figure 22. PTHrP inhibits migration by blocking Rae activation in a PKA dependent 
manner, (a) PKA activity in endothelial cells in the presence of culture medium (filled 
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circle), PTHfP (filled diamond) or dibutyryl cAMP (opoi square). Specific activity is 
expressed as percent of total PKA. that can be directly activated by cAMP in cell lysates. (b) 
EndotiieHal cell migration on vitronectin in the presence of culture medium, anti-avJiS, 
PTHrP (1-34), the protein kinase A inhibitor, H89, and PTHrP combined with H89. (c) The 
effect of a mutationally inactive PKA (dnPKA) on cell migration in the presence of PTHrP, 
a scrambled peptide control amd cAMP. (d) The effect of cAMP aad transient transfection 
with the PKA catalytic subnnit (PKA.cat) on endothelial cell migration, (e) Western blots of 
lysates of GFP, dnPKA, and PKAcat transfected cells incubated with anti-VS tag and anti- 
GFP antibodies, (f) Rac activity m endothelial cells treated with culture medium or PTHrP 
and in cells transfected with activated PKA or GFP. (g) Migration of endothelial cells 
expressing mutationally active Rac (V12 Rac, +) or GFP (-) in the presence of culture 
medium, PTHrP or cAMP. (h) Migration on vitFonectm of endothelial cells transfected with 
PKAcat, V12 Rac + PKA cat, GFP or V12 Rac + GFP. (i) Quantification of aimexin V 
positive endothelial cells cultured on vitronectin substrates in the presence of PTHrP. (j) 
Quantification of annexin V positive endothehal cells transfected with GFP (filled bars) or 
dnPKA (open bars) and ti-eated with culture medium, PTHrP or scrambled control peptide, 
(k) Quantification of annexin V positive endothelial cells transfected with GFP or PKAcat 
and treated wifli culture medium or cAMP, "*" indicates P<0.05 as determined by Student's 
t-test. 

Fignre 23. PTHrP mediated inhibition of angiogenesis is protein Idnase A dependent. 

(a) Saline or bFGF stimulated CAMs treated vsath saline, PTHrP 1-34, H89, or PTHrP + 
H89. (b) bFGF stimulated CAMs were transfected with pcDNAA^S tagged GFP DNA or 
pcDNAA^5 tagged dnPKA DNA and treated with PTHrP or saline, (c) bFGF, VEGF or 
saline stimulated CAMs were treated with saline (-) or dibutyryl cAMP (+). (d) bFGF 
stimulated CAMs were treated with saline or transfected with pcDNAVS tagged PKAcat or 
pcDNAVS tagged GFP DNA. (a-d) Blood vessels branch points were quantified. "*" 
indicates i'<0.05 as determined by Student's t-test. (e) Cryosections of saline- or bFGF- 
stimulated CAMS ti-eated with CGRP or PTHrP (see Figure 18a-b) were immunostained to 
detect fragmented DNA as a marker of apoptosis (green) and VWF (red). Digitally merged 
images reveal VWF positive apoptotic vessels (yellow) indicated by arrows, (f) 
Cryosections of bFGF stimulated CAMs transfected with PKAcat DNA or treated with 
saline or cAMP were immunostained to detect firagmented DNA as a medcer of apoptosis 
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(green) and VWF (red). Digitally merged images reveal VWF positive apoptotic vessels 
(yellow). Arrows indicate VWF positive vessels. 

DEFINITIONS 

To facilitate an understandiag of the present invention, a number of terms and 
phrases are defined below. 

The term "biologically active," as used herein, refers to a molecule (e.g., peptide, 
nucleic acid sequence, carbohydrate molecule, organic or inarganic molecule, etc.) having 
structural, regulatory, and/or biochemical functions. 

The term "agonist," as used herein, refers to a molecule which, when interacting 
with a biologically active molecule, causes a change {e.g. , enhancement) in the biologically 
active molecule, which modulates the activity of the biologically active molecule. Agonists 
may include proteins, nucleic acids, carbohydrates, or any other molecules which bind or 
interact with biologically active molecules. For example, agonists can alter the activity of 
gene transcription by interacting with RNA polymerase dkectly or through a transcription 
factor. 

The terms "antagonist," or "inhibitor," as used herein, refer to a molecule that, when 
interacting with a biologically active molecule, blocks or modulates the biological activity 
of the biologically active molecule. Antagonists and inhibitors may include proteins, 
nucleic acids, carbohydrates, or any other molecules that bind or interact with biologically 
active molecules, hihibitors and antagonists can affect the biology of entire cells, organs, or 
organisms (e.g., an inhibitor that slows tumor growth), hi a preferred embodiment, an 
antagonist acts as a competitive inhibitor, or as a noncompetitive inhibitor of Ugand binding. 

As used herein, the term "tissue exhibiting angiogenesis" refers to a tissue in which 
new blood vessels are developing &om pre-existing blood vessels. 

The term "ligand" as used herein in reference to a Ugand for an integrin (e.g. , a5pl) 
receptor refers to a molecule, or portion thereof, to which that integrin specifically binds, 
thereby mitiating a specific biological response (e.g., angiogenesis, cell migration, ceU 
adhesion, cell survival, etc.) and/or the transduction of a signal in a cell. Integrin ligands 
may be present on the cell surface and/or present in the extracellular matrix (ECM). 

The terras "specific binding," 'Tiinding specificity," and grammaticai equivalents 
thereof when made in reference to the binding of a first molecule (such as a polypeptide. 
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glycoprotein, nucleic acid sequence, etc.) to a second molecule (such as a polypeptide, 
glycoprotein, nucleic acid sequence, etc.) refer to the preferential interaction between the 
first molecule with the second molecule as compared to the interaction hetween the second 
molecule with a ttiiid molecule. Specific binding is a relative term that does not require 
absolute specificity of binding; in other words, the temi "specific binding" does not require 
that the second molecule interact with the first molecule in the absence of an interaction 
between the second molecule and the third molecule. Rather, it is sufficient that the level of 
interaction between the first molecule and the second molecule is higher than the level of 
interaction between the second molecule with the third molecule. "Specific binding" of a 
first molecule with a second molecule also means that the interaction between the iirst 
molecule and the second molecule is dependent upon the presence of a particulai- structure 
on or within the first molecule; in other words the second molecule is recognizing and 
binding to a specific structure on or withui the first molecule rather than to polypeptides, 
glycoproteins, or nucleic acids in general. For example, if a second molecule is specific for 
structure "A" that is on or withui a first molecule, the presence of a third molecule 
containing structure A will reduce the amount of the second molecule which is bound to the 
first molecule. 

For example, the term "specific binding" as used herein in reference to tiie binding of 
an agent to either an integrin (e.g. , aSpl) or an integrin ligand means that the interaction is 
dependent upon the presence of a particular structure on the integrin or its Hgand, 
respectively. For example, if an agent is specific for epitope "A", the presence of a protein 
containing epitope A (or fi:ee, unlabelled A) in a reaction containing labelled "A" and the 
agent will reduce the amount of labelled A bound to the agent. 

The tenn "capable of binding" when made in reference to the interaction between a first 
molecule (such as a polypeptide, glycoprotein, nucleic acid sequence, etc) and a second 
molecule (such as a polypeptide, glycoprotein, nucleic acid sequence, etc) means that the 
first molecule binds to the second molecule in the presence of suitable concentrations of 
salts, and suitable temperatiu-e, and pH. The conditions for binding molecules maybe 
determined using routine and/or commercially available methods. 

"Nucleic acid sequence" and "nucleotide sequence" as used herein refer to an 
oligonucleotide or polynucleotide, and fragments or portions thereof, and to DNA or RNA 
of genomic or synthetic origm which may be single- or doublfr-stranded, and represent tiie 
sense or antisense strand. As used herein, the terms "nucleic acid molecule encoding," 
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"DNA sequence Qicoding," "DNA encoding," "KNA sequence encoding," and "RNA 
encoding" refer to the order or sequeaice of deoxyribonucleotides or ribonucleotides dong a 
strand of deoxyribonucleic acid or ribonucleic acid. The order of these 
deoxyribonucleotides or ribonucleotides determiues the order of amino acids along the 
polypeptide (protein) chain translated &om the mRNA. The DNA or RNA sequence thus 
codes for the amino acid sequence. 

The term "gene" refers to a nucleic acid {e.g., DNA) sequence that comprises coding 
sequences necessary for the production of a polypeptide or precursor. The polypeptide can 
be encoded by a full length coding sequence or by any portion of the coding sequence so 
long as the desired activity or functional properties (e.g., enzymatic activity, Hgaad binding, 
signal transduction, etc) of the full-length or fragment are retained. The term also 
encompasses the coding region of a structural gene and the including sequences located 
adjacent to the coding region on both the 5' and 3' ends for a distance of about 1 kb or more 
on either end such that the gene corresponds to the length of the fijll-length niRNA. The 
sequences that are located 5' of the coding region and which are present on the mRNA are 
referred to as 5' non-translated sequences. The sequraices that are bcated 3' or downstream 
of the coding region and which are present on the mRNA are referred to as 3' non-translated 
sequences. The term "gene" encompasses both cDNA and genomic forms of a gene. A 
genomic form or clone of a gene contains the coding region interrupted with non-coding 
sequences tenned "introns" or "intervening regions" or "interveamig sequences." Ihtrons are 
segments of a gene which are transcribed into nuclear RNTA (hnRNA); mtrons may contain 
regulatory elements such as aihancers. Introns are removed or "spliced out" from the 
nuclear or primary transcript; introns therefore are absent in the messenger RNA (mRNA) 
transcript. The mRNA functions during translation to specify the sequence or order of 
amino acids in a nascent polypeptide. 

As used herein, the term "gene expression" refers to the process of converting 
genetic information encoded in a gene into RNA {e.g., mRNA, rRNA, tRNA, or snRNA) 
through "transcription" of the gene {i.e., via the enzymatic action of an RNA polymerase), 
and for protein encoding genes, into protein through "translation" of mRNA. Gene 
expression can be regulated at many stages in the process. "Up-regulation" or "activation" 
refers to regulation that increases the production of gene expression products {i.e., RNA or 
protein), while "down-regulation" or "repression" refers to regulation that decrease 
production. Molecules (e.g., transcription factors) that are involved in iqj-regulation or 
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down-regulation ace oftai called "activators" and "repressors," respectively. 

As used herein, tie terms "con:q)ie5oaen.tary" or "complementarity" are used in 
refeieace to polynucleotides {i.e., a. sequence of nucleotides) related by the base-pairing 
rules. For example, for the sequence "5'-A-G-T-3'," is complementary to the sequence "5'- 
A-C-T-3'." Complementarity may be "partial," in which only some of the nucleic acids' 
bases are matched according to the base pairing rules. Or, there rhay be "complete" or 
"total" complementarity between the nucleic acids. The degree of complementarity between 
nucleic acid strands has significant effects on the efficiency and strength of hybridization 
between nucleic acid strands. This is of particular importance in amplification reactions, as 
well as detection methods that depend upon binding between nucleic acids. 

As used herein, the term "hybridization" is used in reference to the pairing of 
compiementMy nucleic acids. Hybridization and the strength of hybridization {i.e., tlie 
strength of the association between the nucleic acids) is impacted by such factors as the 
degree of complementary between the nucleic acids, stringency of the conditions involved, 
the Tm of the formed hybrid, and the G:C ratio within the nucleic acids. 

As used herein, the term "Tm" is used in reference to the "melting temperature." The 
melting temperature is the temperature at which a population of double-stranded nucleic 
acid molecules becomes half dissociated into single strands. The equation for calculating 
the Tm of nucleic adds is well known in the art. As indicated by standard references, a 
simple estimate of the Tm value maybe calculated by the equation: Tm = 81.5 + 0.41(% G 
+ C), when a nucleic add is in aqueous solution at 1 M NaCl (See e.g., Anderson and 
Young, Quantitative Filter Hybridization, in Nucleic Acid Hybridization (1985)). Other 
references include more sophisticated computations that take structural as well as sequence 
characteristics into account for the calculation of Tm. 

As used herein the terra "stringency" is used in reference to the conditions of 
temperature, ionic strength, and the presence of other compounds such as organic solvents, 
under which nucleic acid hybridizations are conducted. Those sldlled in the art wUi 
recognize that "stringency" conditions may be altered by varying the parameters just 
described either individually or in concert. With "high stringency" conditions, nucleic acid 
base pairing will occur only between nucleic acid fragments that have a high frequency of 
complementary base sequences (e.g., hybridization under "high stringency" conditions may 
occur between homologs with about 85-100% identity, preferably about 70-100% identity). 
With medium stringency conditions, nucleic acid base pairing will occur between nucleic 
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acids with an intermediate frequency of complementary base sequences (e.g., hybridization 
under "medium stringeaicy" conditions may occur between homologs with about 50-70% 
identity). Thus, conditions of "weak" or "low" stringency are often required with nucleic 
acids that are derived from organisms that are genetically diverse, as the frequency of 
complementary sequences is usually less. 

"High stringency conditions" when used in reference to nucleic acid hybridization 
comprise conditions equivalent to bmding or hybridization at 42°C m a solution of 5X SSPE 
(43.8 g/1 NaCl, 6.9 g/1 NaH2P04-H20 and 1 .85 g/1 EDTA, pH adjusted to 7.4 with NaOH), 
0,5% SDS, 5X Denhardt's reagent and 1 00 [ig/ral denatured salmon sperm DNA followed 
by washing in a solution comprising O.IX SSPE, 1.0% SDS at 42°C when a probe of about 
500 nucleotides in length is employed. In another embodiment, high stringency conditions 
comprise conditions equivalent to binding or hybridization at 68°C in a solution containing 
5X SSPE, 1% SDS, 5X Denhardt's reagent and 100 jig/ml denatured salmon sperm DNA 
followed by washing in a solution containing O.IX SSPE, and 0. 1% SDS at 6S°C when a 
probe of about 100 to about 1000 nucleotides in length is employed. 

"Medium stringency conditions" when used in reference to nucleic acid 
hybridization comprise conditions equivalent to binding or hybridization at 42EC in a 
solution of 5X SSPE (43.8 g/1 NaCl, 6.9 g/1 NaH2P04-H20 and 1 .85 g/1 EDTA, pH adjusted 
to 7.4 with NaOH), 0.5% SDS, 5X Denhardt's reagent and 100 ng/ml denatured sahnon 
sperm DNA followed by washing in a solution comprising l.OX SSPE, 1.0% SDS at 42EC 
when a probe of about 500 nucleotides in length is employed. 

"Low stringency conditions" comprise conditions equivalent to binding or 
hybridization at 42EC m a solution of 5X SSPE (43.8 g/1 NaCl, 6.9 g/1 NaH2P04 H20 and 
1.85 g/1 EDTA, pH adjusted to 7.4 wifhNaOH), 0.1% SDS, 5X Denhardt's reagent (50X 
Denhardt's contains per 500 ml: 5 g FicoU (Type 400, Pharamcia), 5 g BSA (Fraction V; 
Sigma)) and 100 Fg/ml denatured sahnon sperm DNA followed by washing m a solution 
comprising 5X SSPE, 0.1% SDS at 42EC when apiobe of about 500 nucleotides in length 
is employed. 

The term "equivalent" when made in reference to a hybridization condition as it 
relates to a hybridization condition of interest means that the hybridization condition and the 
hybridization condition of interest result in hybridization of nucleic acid sequences which 
have the same range of percent (%) homology. For example, if a hybridization condition of 
interest results in hybridization of a first nucleic acid sequence with other nucleic acid 
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sequences that have fix>m 85% to 95% homology to the first nucleic acid sequence, then 
another hybridization conditioii is said to be equivaleat to liie hybridization condition of 
int£!rest if this other bybridization condition also results in hybridization of the first nucleic 
acid sequence with the other nucleic acid sequences that have fix>m. 85% to 95% homology 
to the first nucleic acid sequence. 

As used herein, the term "antigen" is used in reference to any substance that is 
capable of reacting wiHi an antibody. It is intended that this term enconipass any antigen 
and "unmunogen" (Le., a substance which induces the formation of antibodies). Thus, in an 
inununogenic reaction, antibodies are produced in response to the presence of an antigen or 
portion of an antigen. 

The term, "antigenic determinant" as used herein refers to that portion of an antigen 
that makes contact with a particular antibody (i.e., an epitope). When a protein or fragment 
of a protein is used to immunize a host animal, numerous regions of the protein may induce 
the production of antibodies which bind specifically to a given region or three-dimensional 
structure on the protein; these regions or structures are referred to as antigenic determinants. 
An antigenic determinant may compete with the intact antigen (i.e., the "immunogen" used 
to elicit the inunune response) for binding to an antibody. 

As used herein, the term "antigen binding protein" refers to protems which bind to a 
specific antigen, "Antigen binding proteins" include, but are not limited to, 
immunoglobulins, including polyclonal, monoclonal, chimeric, single diain, and humanized 
antibodies. Fab fragments, F(ab')2 fi:agments, and Fab expression libraries. Various 
procedures known in tlie art are used for the production of polyclonal antibodies. For the 
production of antibody, various host animals can be immunized by injection with tiie 
peptide corresponding to the desired epitope including but not lunited to rabbits, mice, rats, 
sheep, goats, etc. In a preferred embodiment, the peptide is conjugated to an immunogenic 
carrier (e.g-., diphtheria toxoid, bovine serum albumin (BSA), or keyhole limpet hemocyanin 
(KLH)). Various adjuvants are used to increase the immunological response, depending on 
the host species, including but not limited to Freund's (complete and incomplete), mineral 
gels such as aluminum hydroxide, smface active substances such as lysolecitMn, pluronic 
polyols, polyanions, peptides, oil emulsions, keyhole limpet hemocyanins, dinitiophenol, 
and potentially useful human adjuvants such as BCG (BaciHe Cahnette-Guerin) and 
Corynebacterium parvum. 
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For preparation of monoclonal antibodies, any techmque that provides for the 
production of antibody molecules by continuous cell lines in culture maybe used {See e.g., 
Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, NY)- These include, but are not limited to, the hybridoma technique 
originally developed by Kohler and Milstein (Kohler and Milstein, Nature, 256:495-497 
(1975)), as well as the trioma technique, the human B-cell hybridoma techmque {See e.g., 
Kozbor et al. Immunol. Today, 4:72 (1983)), and the EBV-hybridoma techmque to produce 
human monoclonal antibodies (Cole et al, in Monoclonal Antibodies and Cancer Therapy, 
Alan R. Liss, Inc., pp. 77-96 (1985)). 

According to the invention, tecliiiiques described for the production of single chain 
antibodies (U.S. 4,946,778; herein incorporated by reference) can be adapted to produce 
specific single chain antibodies as desired. An additional embodiment of the invention 
utilizes the techniques Imown m the art for the construction of Fab expression libraries 
(Has&etal, Science, 246:1275-1281 (1989))to allow rapid and easy identification of 
monoclonal Fab fragments with the desired specificity. 

Antibody fragments that contain the idiotype (antigen binding region) of the 
antibody molecule can be generated by known techniques. For example, such fragments 
include but are not limited to: the F(ab')2 fragment that can be produced by pepsin digestion 
of an antibody molecule; the Fab' fragments that can be gaierated by reducmg the disulfide 
bridges of an F(ab')2 fragment, and the Fab fragments that can be generated by treathig an 
antibody molecule with papain and a reducing agent. 

Genes encoding antigen binding proteins can be isolated by methods known in the 
art. In the production of antibodies, screening for the desired antibody can be accomplished 
by techniques known in the art {e.g., radioimmunoassay, ELISA (enzyme-linked 
immunosoibant assay), "sandwich" inomunoassays, immunoradiometric assays, gel diffusion 
precipitin reactions, immunodiflusion assays, in situ immunoassays (using colloidal gold, 
enzyme or radioisotope labels, for example), Western Blots, precipitdtion reactions, 
agglutination assays (e.g., gel agglutination assays, hemagglutination assays, etc.), 
complement fixation assays, immunofluorescence assays, protean A assays, and 
immunoelectrophoresis assays, etc.) etc. 

The term "transgene" as used herein refers to a foreign gene that is placed into an 
organism by, for example, introducing the foreign gene into newly fertilized eggs or early 
embryos. The term "foreign gene" refesrs to any nucleic acid (a^., gene sequence) that is 
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introduced into the genome of a cell by ejcperimental man^ulations and may include gene 
sequences found in that cell so long as the introduced gene does not reside in Has same 
location as does the naturaUy-occundug gene. 

As used herein, the term "exogenous gene" refers to a gene that is not naturally 
present in a host organism or cell, or is artificially introduced into a host organism or cell. 

As used herein, the term "vector" is used in reference to nucleic acid molecules that 
transfer DNA segment(s) &om. one cell to another. The tenn "vehicle" is sometimes mod 
interchangeably with "vector." Vectors are often derived from plasmids, bacteriophages, or 
plant or animal viruses. 

The terni "expression vector" as used herein refers to a recombinant DNA molecule 
contaiiung a desired coding sequence aud appropriate nucleic acid sequences necessary for 
the expression of the operably hnked coding sequence in a particular host organism. 
Nucleic acid sequences necessary for expression in prokaryotes usually mclude a promoter, 
aa operator (optional), and a ribosome binding site, often along with other sequences. 
Eukaryotic cells are known to utihze promoters, enhancers, and termination and 
polyadenylation signals. 

As used herein, the term "gene transfer system" refers to any means of delivering a 
composition comprising a nucleic acid sequence to a cell or tissue. For example, gene 
transfer systems include, but are not limited to vectors {e.g., retroviral, adenoviral, adeno- 
associated viral, and other nucleic acid4)ased delivery systems), microinjection of naked 
nucleic acid, and polymer-based delivery systems {e.g., liposome-based and metallic 
particle-based systems). As used herein, the term "viral gene transfer system" refers to gene 
transfa: systems comprising viral elements (e.g., intact viruses and modified virtues) to 
fecilitate delivery of the sample to a desired cell or tissue. As used herein, the term 
"adenovirus gene transfer system" refers to gene trmsfer systems comprising intact or 
altered viruses belonging to the family Adenoviridae. 

The term "ixansfection" as used herein refers to the introduction of foreign DNA into 
eukaryotic cells. Transfection may be accomplished by a variety of means known to the art 
including calcium phosphate-DNA co-precipitation, DEAE-dextran-mediated transfection, 
polybrene-mediated transfection, electroporation, microinjection, liposome Jusion, 
lipofection, protoplast fusion, retroviral infection, and biolistics. 

As used herein, the term "cell culture" refers to any in vitro culture of cells. Included 
within this term are continuous cell lines (e.g., with an immortal phenotype), primary cell 
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cultures, finite cell lines (e.^., non-traosfonned cells), and any other cell population 
maintained in vitro. 

As used hereiri, liie term "in vitro" refers to an artificial enviromnent and to 
processes or reactions that occur witliin an artificial environment. In vitro environments can 
consist of, but are not limited to, test tubes and cell culture. The term "in vivo" refers to the 
natural environment (e.g., aa animal or a cell) and to processes or reaction that occur within 
a natural eaavironment. 

As used herein, the terms "instructions for admimstertog said therj^eutic compound 
to a subject," "instructions fisr admimstering a therapeutic compound to a subject," and 
equivalents, includes instructiom for using the compositions contained in the kit for the 
treatment of conditions characterized by undesirable angiogenesis, ceU migration, ceU 
adhesion, cell survival in a cell or tissue. In some embodiments, the instnictions fiirfher 
comprise a statement of the recommended or usual dosages of the compositions contained 
within the kit pursuant to 21 CFR §201 et seq. Additional information concerning labeling 
and instruction requirements applicable to the methods and compositions of the present are 
available at the Intemet web page of the U.S. FDA, 

The terms "protein of interest," "peptide of interest," "nucleotide sequence of 
interest," and "molecule of interest" refer to any peptide sequence, nucleotide sequence, and 
molecule, respectively, the manipulation of which may be deemed desirable for any reason, 
by one of ordinary skill in the art. In one embodiment, the protein of interest refers to a 
protein encoded by a nucleic acid sequence of interest 

As used herein, the term "native" (or wild type) when used in reference to a protein, 
refers to proteins encoded by partially homologous nucleic acids so that the amino acid 
sequence of the proteins varies. 

The term "reverse Northern blot" as used herein refers to the analysis of DNA by 
electrophoresis of DNA on agarose gels to fractionate the DNA on the basis of size followed 
by transfer of the fractionated DNA fiom the gel to a solid support, sudi as nitrocellulose or 
a nylon membrane. The immobilized DNA is then probed with a labeled 
oHgo-ribonucleotide probe or RNA probe to detect DNA species complenientary to the ribo 
probe used. 

The term "sample" as used herein is used in its broadest sense and includes 
environmental and biological samples. Environmental samples include material from the 
environment such as soil and water. Biological samples may be animal, including, human, 
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jQuid {e.g., blood, plasma and serum), solid (e.g., stool), tissue, liquid foods (e.g., milk), and 
solid foods (e.g., vegetables). 

As used herein, the temi "subjecf' refers to organisms to be treated by the methods 
ofthe present invention. In one enafaodiment, the subject is a mammal. In one embodiment, 
the mammal includes, without limitation, human and non-human animals such simians, 
rodents, ovines, bovines, ruminants, lagomorphs, porcines, caprines, equines, canines, 
felines, aves, etc. Preferred non-human animals are members of the Order Rodentia (e.g., 
mouse and rat). Thus, the compounds ofthe invention may be administered by human 
health professionals as well as veterinarians. In the context ofthe invention, the term 
"subject" generally refers to an individual who will receive or who has received treatment 
(e.g., administration of antagonists aad/or agonists of integrins). 

The terra "diagnosed," as used herein, refers to the to recognition of a disease by its 
signs and symptoms (e.g., undeskable angiogenesis), genetic analysis, pathological analysis, 
or histological analysis, and the like. 

As used herein, the term "purified" or "to purify" refers, to the removal of undesired 
components from a sample. As used herein, the term "substantially purified" refers to 
molecules, either nucleic or amnio acid sequences, that are removed from their natural 
enviroEjnent, isolated or separated, and are at least 60% free, preferably 75% free, and most 
preferably 90% free from other components with which they are naturally associated. For 
example, an "isolated polynucleotide" is therefore a substantially pmlfied polynucleotide. 

The term "apoptosis" means non-necrotic cell death that takes place in metazoan 
animal cells following activation of an intrinsic cell suicide program. Apoptosis is a normal 
process in the development and homeostasis of metazoan animals. Apoptosis involves 
characteristic morphological and biochemical changes, including cell shrinkage, zeiosis, or 
blebbing, ofthe plasma membrane, and nuclear coll^se and fragmentation ofthe nuclear 
chromatin, at intranucleosomal sites, due to activation of an endogenous nuclease. During 
apoptosis, cells undergo various changes that result in the eventual lysis ofthe cell into 
apoptotic bodies which are thesn typically phagocytosed by other cells. One of skill in the art 
^predates that reducing the level of apoptosis results in mcreased cell survival, without 
necessarily (although it may include) iacreasing cell proliferation. Accordingly, as used 
herein, the terms "increase apoptosis" and "reduce survival" are equivalent. Aslo, as used 
herein, the terms "reduce apoptosis" and "increase survival" are equivalent. Apoptosis may 
be determined using methods known in the art For example, apoptosis may be determined 
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by measumg the cells' display of incsreased annexin-V binding to phosphatidylserine in 
plasma membranes, aa eariy indicator of apoptosis, by live microscopy, or cell sorting 
analysis (FACS) for the transfection indicator green fluorescent protein and annexin-V. 
Also, ceU death may confirmed by nuclear staining with Hoechst 33342. 

As used herein, the tesm "regulatory element" refers to a genetic element that 
controls some aspect of the expression of nucleic acid sequences. For example, a promoter 
is a regulatory element that facilitates the initiation of transcription of an operably linked 
coding region. Other regulatory elements include splicing signals, polyadenylation signals, 
termination signals, etc. 

As applied to polypeptides, the term "substantial identity" means that two peptide 
sequences, when optknally aUgned, such as by the programs GAP or BESTFIT using default 
gap weights, share at least 80 percent sequence identity, preferably at least 90 percent 
sequence identity, more preferably at least 95 percent sequence identity or more {e.g., 99 
percent sequence identity). Preferably, residue positions that are not identical differ by 
conservative amino acid substitutions. Conservative amino acid substitutions refer to the 
interchangeability of residues having similar side chains. For example, a group of amino 
acids having aliphatic side chains is glycine, alanine, valine, leucine, and isoleucine; a group 
of amino acids having aliphatic-hydroxyl side chains is serine and threoninej a group of 
amino acids having amide-containing side chains is asparagine and glutamlne; a group of 
amino acids having aromatic side chains is phenjdalanine, tyrosine, and tryptophan; a group 
of amino acids having basic side chains is Ijrsine, arginine, andhistidine; and a group of 
amino acids having sulfur-containing side chains is cysteine and methionine. Preferred 
conservative amino acids substitution groups are: vahne-leucine-isoleudne, phenylalanine- 
tyrosine, lysine-arginine, alanine-valine, and asparagine-glutamine. 

The term "polymorphic locus" is a locus present in a population that shows variation 
between members of the population (Le., the most common allele has a frequency of less 
than 0.95). In contrast, a "monomorphic locus" is a genetic locus at little or no variations 
seen between members of the population (generally taken to be a locus at which the most 
common allele exceeds a frequency of 0.95 in the gene pool of the population). 

As used herein, the term "genetic variation information" or "genetic variant 
information" refers to the presence or absence of one or more variant nucleic acid sequences 
(e.g. , polymorphism or mutations) in a given allele of a particular gene {e.g. , the PTH gene, 
PThrP gene and /or the gene eaocoding the catalytic subunit of PKA). 
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As used herein, the term "detection assay" refers to an assay for detecting the 
presence of absence of variant nucleic acid sequences (e.g., polymorphism or mutations) in 
a given allele of a particular gene (e.g., e.g.^ the PThrP gene and /or the catalytic subunit of 
PKA). Exaiiq)les of suitable detection assays include, but are not limited to, those described 
in greater detail infra as well as being known in the art. 

The term "naturally-occurring" as used herein as ^lied to an object refers to the 
feet that an object can be found in nature. For example, a polypeptide or polynucleotide 
sequence that is present in an organism (including viruses) that can be isolated fl-om a 
source in nature and which has not been intentionally modified by man in the laboratory is 
naturally-occurring. 

"Amphfication" is a special case of nucleic acid replication involving template 
specificity. It is to be conbasted with non-specific template repUcation (i.e., replication that 
is template-dependent but not dependent on a specific template). Template specificity is 
here distinguislied from fidelity of repUcation {i.e., synthesis of the proper polynucleotide 
sequence) and nucleotide (ribo- or deoxyribo-) specificity. Template specificity is 
frequently described in terms of "target" specificity. Target sequences are "targets" in the 
sense that they are sought to be sorted out from other nucleic acdd. Amplification 
techniques have been designed primarily for this sorting out. 

Template specificity is achieved in most amplification techniques by the choice of 
enzyme. Amplification enzymes are enzymes that, under conditions they are used, will 
process only specific sequences of nucleic acid in a heterogeneous mixture of nucleic acid. 
For example, in the case of Qp replicase, MDV-1 RNA is the specific template for the 
replicase (D.L. Kacian et al, Proc. Natl. Acad. Sd. USA 69:3038 (1972)). Other nucleic 
acid will not be replicated by this amphfication enzyme. Similarly, in the case of T7 RNA 
polymerase, tliis amphfication enzyme has a stringent specificity for its own promoters 
(Chamberlii^i et al.. Nature 228:227 (1970)). In the case of T4 DNA ligase, the enzyme will 
not ligate the two oligonucleotides or polynucleotides, where there is a mismatch between 
the oligonucleotide or polynucleotide substrate and the template at the ligation junction 
(D.Y. Wu and R. B. Wallace, Genomics 4:560 (1989)). Finally, Tag and Pfu polymerases, 
by virtue of their ability to function at high temperature, are found to display high specificity 
for the sequences bounded and thus defined by the primers; the high temperature results in 
thermodynamic conditions that favor primer hybridization with the target sequences and not 
hybridization with non-target sequences (H. A. Erlich (ed.), PCR Technology, Stocktofn Press 
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(1989)). 

As med hereiii, the term "amplifiable nucleic acid" is used in reference to nucleic 
acids that may be amplified by any amplificatioii method. It is contemplated that 
"amplifiable nucleic acid" will usually comprise "sample ten5)late." 

As used herein, the term "sample template" refers to nucleic acid origuiating fiom a 
sample that is analyzed for the presence of "target" (defined bebw). In contrast, 
. "background template" is used in reference to nucleic acid other than sample template that 
may or may not be present in a sample. Background template is most often inadvertent. K 
may be the result of carryover, or it may be due to the presence of nucleic acid contaminants 
sought to be purified away &om the sample. For example, nucleic acids from organisms 
other than those to be detected maybe present as background in a test sample. 

As used herein, the term "primer" refers to an ohgonucleotide, whether occurring 
naturally as in a purified restriction digest or produced synthetically, wliich is capable of 
actuig as a point of initiation of synthesis when placed under conditions in which synthesis 
of a primer extension product which is complementary to a nucleic acid strand is induced, 
{i.e., in the presence of nucleotides and an inducing agent such as DNA polymerase and at a 
suitable temperature and pH). The primer is preferably single stranded for maximum 
efficiency in airplification, but may alternatively be double stranded. If double stranded, the 
primer is first treated to separate its strands before being used to prepare extension products. 
Preferably, the primer is an oHgodeoxyribonuoleotide. The primer must be suflBciently long 
to prime the synthesis of extension products in the presence of the inducing agent. The 
exact lengths of the primers will depend on many factors, including temperature, source of 
primer and the use of the method. 

As used herein, the term "probe" refers to an oligonucleotide (i.e., a sequence of 
nucleotides), whether occurring naturally as in a purified restriction digest or produced 
synthetically, recombinantly or by PCR amplification, that is capable of hybridizing to 
another oligonucleotide of interest. A probe may be single-stranded or double-stranded. 
Probes are useful in the detection, identification and isolation of particular gene sequences. 
It is contemplated that any probe used in the present invention will be labeled with any 
"reporter molecule," so tiiat is detectable in any detection system, including, but not limited 
to enzyme (e.g., ELISA, as well as enzyme-based histochemical assays), fluorescent, 
radioactive, and luminescent systems. It is not intended that the present invention be limited 
to any particular detection sj^tem or label. 
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As used herein, the tenn "taiget," refers to a nucleic acid sequeaice or stmcture to be 
detected or characterized. Thus, the "target" is sou^t to be sorted out from other nucleic 
acid sequences. A "segment" is defined as a region of nucleic acid within thetarget 
sequence. 

As used herein, the term "polymerase chain reaction" ("PGR") refers to the meftiod 
of K.B. Mullis U.S. Patent Nos. 4,683,195, 4,683,202, and 4,965, 1 88, hereby incorporated 
by reference, that describe a method for increasing the concentration of a segment of a target 
sequence in a mixture of genomic DNA without cloning or purification. This process for 
ampli:fying the target sequence consists of introducing a large excess of two oUgonucleotide 
primers to the DNA mixture containing the desired target sequence, followed by a precise 
sequence of thermal cycling in the presence of a DNA polymerase. The two primers are 
complementary to their respective strands of the double stranded target sequence. To effect 
amplification, the mixture is denatured and the primers then annealed to their 
complementary sequences witMn the target molecule. Following amiealing, the primers ai-e 
extended with a polymerase so as to form a new pair of complementary strands. The steps 
of denaturation, primer araiealing, and polymerase extension can be repeated many times 
(i.e., deuaturation, annealing and extension constitute one "cycle"; there can be numerous 
"cycles") to obtain a high concentration of an amplified segment of the desired target 
sequence. The length of the amplified segment of the desired target sequence is determined 
by the relative positions of the primers with respect to each other, and therefore, this length 
is a controllable parameter. By virtue of the repeating aspect of the process, the method is 
referred to as the "polymerase chain reaction" (hereinafter "PGR"). Because the desired 
amplified segments of the target sequence become the predominant sequences (in terms of 
concentration) in the mixhire, they are said to be "PCR amplified." 

With PCR, it is possible to amplify a single copy of a specific target sequence in 
genomic DNA to a level detectable by several different methodologies {e.g., hybridization 
with a labeled probe; incorporation of biotinylated primers followed by avidin-enzyme 
conjugate detection; incorporation of 32p.iabeleddeoxynucleotide toiphosphates, such as 
dCTP or dATP, into the amplified segment). In addition to genomic DNA, any 
oligonucleotide or polynucleotide sequence can be amplified with the appropriate set of 
primer molecules, hi particular, the amplified segments created by the PGR process itself 
are, themselves, efficient templates for subsequent PGR amplifications. 

As used herein, the terms "PCR product," "PCR fiiagment," and "amplification 
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product" refer to the resultant mixture of compounds after two or more cycles of the PGR 
steps of denaturation, annealing and extension axe complete. These teorms encompass the 
case where there has been amplification of one or more segments of one or more target 
sequences. 

As used hesrdux, the term "amplification reagents" refers to those reagents 
(deoxyribonucleotide triphosphates, buffer, etc.), needed for amplification except for 
primers, nucleic acid template, and the amplification enzyme. Typically, amplification 
reagents along with other reaction components are placed and contained in a reaction vessel 
(test tube, microweU, etc.). 

As used herein, the terms "restriction endonucleases" and "restriction enzymes" refer 
to bacterial enzymes, each of which cut double-stranded DNA at or near a specific 
nucleotide sequence. 

As used herein, the term "recombinant DNA molecule" as used herein refers to a 
DNA molecule that is comprised of segments of DNA joined together by means of 
molecular biological techniques. 

The term "isolated" when used in relation to a nucleic acid, as in "an isolated 
oligonucleotide" or "isolated polynucleotide" refers to a nucleic acid sequence that is 
identified and separated firom at least one contaminant nucleic acid with which it is 
ordinarily associated in its natural source. Isolated nucleic acid is present in a form or 
setting that is diffsrcnt firom that in which it is foimd in nature, hi contrast, non-isolated 
nucleic acids are nucleic acids such as DNA and RNA found m the state they exist in nature. 
For example, a given DNA sequence (e.g. , a gene) is found on the host cell chromosome in 
proximity to neigliboring genes; RNA sequences, such as a specific mRNA sequence 
encoding a specific protein, are found in the cell as a mixture with numerous other mRNAs 
that encode a multitude of proteins. In some embodiments, the isolated nucleic acid, 
oligonucleotide, or polynucleotide may be present in single-stranded or double-stranded 
form. When an isolated nucleic acid, oUgonucleotide or pol>Tiucleotidc is to be utilized to 
express a protein, the oligonucleotide or polynucleotide will contain at a minimum the sense 
or coding strand {i. e., the oligonucleotide or polynucleotide may single-stranded), but may 
contain both the sense and anti-sense strands {i.e., the oligonucleotide or polynucleotide may 
be double-stranded). 

As used herein, a "portion of a chromosome" refers to a discrete section of the 
chromosome. Chromosomes are divided into sites or sectioi^ by cytogeneticists as follows: 
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liie short (relative to the centromere) aim of a chromosome is termed the "p" arm; the long 
arm is termed the "q" arm. Each arm is thea divided into 2 regions termed region 1 and 
region 2 (region 1 is closest to the centromere). Each region is fbrther divided into bands. 
The hands may be Anther divided into sub-bands. For exanple, the llpl 5.5 portion of 
human chromosome 11 is the portion located on chromosome 1 1 (1 1) on the short arm (p) 
in the first region (1) in the 5fh band (5) in sub-band 5 (.5). A portion of a chromosome may 
be "altered;" for instance the entire portion may be absent due to a deletion or may be 
rearranged (e.g,, inversions, translocations, expanded or contracted due to changes in repeat 
regions). In the case of a deletion, an attempt to hybridize (i.e., specifically bind) a probe 
homologous to a particular portion of a chromosome could result in a negative result (i.e., 
the probe could not bind to the sample containing genetic material suspected of containing 
the missing portion of tlie chromosome). Thus, hybridization of a probe homologous to a 
particular portion of a chromosome may be used to detect alterations in a portion of a 
chromosome. 

The term "sequences associated with a chromosome" means preparations of 
chromosomes (e.g., spreads of metaphase chromosomes), nucleic acid extracted from a 
sample containing chromosomal DNA (e-g., preparations of genomic DNA); the RNA that 
is produced by transcription of genes located on a chromosome (e.g., hnSNA and mRNA), 
and cDNA copies of the KNA transcribed &om the DNA located on a chromosome. 
Sequences associated with a chromosome may be detected by numerous techniques 
iacludmg probing of Southern and Northern blots and in situ hjtodization to RNA, DNA 
or metaphase chromosomes with probes containing sequences homologous to the nucleic 
acids in the above hsted preparations. 

As used herein the term "portion" when in reference to a nucleotide sequence (as in 
"a portion of a given nucleotide sequence") refers to fragments of that sequence. The 
fragments may range in size from four nucleotides to the entire nucleotide sequence minus 
one nucleotide (10 nucleotides, 20, 30, 40, 50, 100, 200, etc.). 

As used herein the term "coding region" when used in reference to structural gene 
refers to the nucleotide sequences that encode the amino acids found in the nascent 
polypeptide as a result of translation of a mRNA molecule. The coding region is bounded, 
in eulcaryotes, on the 5' side by the nucleotide triplet "ATG" that encodes the initiator 
methionine and on ttie 3' side by one of the three triplets, which specify stop codons {i.e., 
TAA, TAG, TGA). 



-38- 



wo 2004/001384 



PCT/US2003/020041 



The tesrm "recombinant DNA molecule" as used hereiii refers to a DNA molecule 
that is comprised of segments of DNA joined togeflier by means of molecular biological 
techniques. 

The term "Southern blot," refers to the analysis of DNA on agarose or acrylamide 
gels to fractionate ttie DNA according to size followed by transfer of the DNA from the gel 
to a solid support, such as nitrocellulose or a nylon membrane. The irmnobilized DNA is 
then probed with a labeled probe to detect DNA species complementary to the probe used. 
The DNA may be cleaved with restriction enzymes prior to electrophoresis. Following 
electrophoresis, the DNA maybe partially depurinated and denatured prior to or during 
transfer to the solid support. Southern blots ai-e a standard tool of molecular' biologists (J. 
Sambrook et al. Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Press, NY, 
pp 9.31-9.58 (1989)). 

The term "Northern blot," as used herein refers to the analysis of RNA by 
electrophoresis of RNA on agarose gels to fractionate the RNA accoi-ding to size followed 
by transfer of the RNA from the gel to a solid support, such as nitrocellulose or a nylon 
membrane. The immobilized RNA is then probed with a labeled probe to detect KNA 
species conqjlementaiy to the probe used. Northem blots are a standard tool of molecular 
biologists (J. Sambrook, et al., supra, pp 7.39-7.52 (1989)). 

The term "Western blot" refers to the analysis of protein(s) (or polypeptides) 
inamobilized onto a support such as nitrocellulose or a membrane. The pioteips are run on 
acrylamide gels to separate the proteins, followed by transfer of the protein from the gel to a 
solid support, such as nitrocellulose or a nylon membrane. The immobilized proteins are 
then exposed to antibodies with reactivity against an antigen of interest. The bhiding of the 
antibodies maybe detected by various methods, including the use of radiolabelled 
antibodies. 

The terras "overexpression" and "overexpressing" and grammatical equivalents, are 
used in reference to levels of mltNA to iDdicate a level of expression approximately 3-fold 
higher than that typically observed in a given tissue in a control or non-transgenic animal. 
Levels of mRNA are measured using any of a number of techniques known to those sldlled 
in the art including, but not limited to Northem blot analysis {See, Examples for protocols 
for performing Northem blot analysis). Appropriate controls are included on the Northem 
blot to control for differences in the amount of RNA loaded from each tissue analyzed (e.g., 
the amount of 28S rRNA, an abundant RNA transcript present at essentially the same 
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amount in all tissues, present in each, sample can be used as a means of normalizing or 
standardizing the mRNA-specific signal observed on Northern blots). The amount of 
mRNA present in the band corresponding in size to the correctly spliced transgene UNA of 
interest (e.g., the PTbrP gene and /or the catalytic subunit of PKA) is quantified; other 
minor species of RNA which hybridize to the transgene probe are not considered in the 
quantification of the expression of the transgenic mRNA. 

The term "transfection" as used herein refers to the introduction of foreign DNA into 
eukaryotic cells. Transfection may be accomplished by a variety of means known to the art 
including calcium phosphate-DNA co-precipitation, DEAE-dextran-mediated transfection, 
polybrene-mediated transfection, electroporation, microinjection, liposome fusion, 
Hpofection, protoplast fusion, retroviral infection, and biolistics. 

The term "stable transfection" or "stably transfected" refers to the introduction and 
integration of foreign DNA into the genome of tlie transfected cell. The term "stable 
transfectaat" refers to a cell that has stably integrated foreign DNA into the genomic DNA. 

The term "transient transfection" or "transiently transfected" refers to the 
itttroduction of foreign DNA into a cell where the foreign DNA fails to integrate into the 
genome of the transfected cell. The foreign DNA persists in the nucleus of the transfected 
cell for several days. During this time the foreign DNA is subject to the regulatory controls 
that govern the e3qpression of endogenous genes in the chromosomes. The term "transient 
transfectant" refers to cells that have taken up foreign DNA but have failed to integrate this 
DNA. 

The term "calcium phosphate co-precipitation" refers to a technique for the 
introduction of nucleic acids into a cell. The uptake of nucleic acids by cells is enhanced 
when the nucleic acid is presented as a calcium phosphate-nucleic acid co-precipitate. The 
original technique of Graham and van der Eb (Graham and van der Eb, Virol., 52:456 
(1973)), has been modified by several groups to optimize conditions for particular types of 
cells. The art is well aware of these numerous modifications. 

A "composition comprising a given polynucleotide sequence" as used herein refers 
broadly to any composition containing the given polynucleotide sequence. The composition 
may comprise an aqueous solution. Compositions comprising polynucleotide sequences 
encoding e.g., the PThrP gene and /or the catalytic subunit of PKA or firagments thereof may 
be employed as hybridization probes. In this case, encoding polynucleotide sequences are 
typically employed in an aqueous solution containing salts (e.g., NaCl), detergents (e.g.. 
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SDS), and other components (e.g., Deohardt's solution, dry milk, salmon spesrm DNA, etc.). 

As used herein, the term "response," when used in reference to an assay, refers to the 
generation of a detectable signal {e.g. , accimmlation of reporter protein, increase in ion 
concentration, accumulation of a detectable chemicai product). 

As used herein, the term "membrane receptor protein" refers to membrane spanning 
proteins that bind a ligand (e.g., a hormone or neurotransmitter). As is known in the art, 
protein phosphorylation is a common regulatory mechanism used by cells to selectively 
modify proteins caoiying regulatory signals ficom outside the cell to the nucleus. The 
proteins that execute these biochemical modifications are a group of enzymes known as 
protein Idnases. They may ftirther be defined by the substrate residue that they target for 
phosphorylation. One group of protein kinases is the tyrosine kinases (TKjs), which 
selectively phosphorylate a target protein on its tyrosine residues. Some tyrosine kinases are 
membrane-bound receptors (RTKs), and, upon activation by a ligand, can autophosphorylate 
as well as modify substrates. The initiation of sequential phosphoiylation by ligand 
stimulation is a paradigm that underlies the action of such effectors as, for example, 
epidermal growth factor (EGF), insulin, platelet-derived growth factor (PDGF), and 
fibroblast growth factor (FGF). The receptors for these Kgands are tyrosine kinases and 
provide the interface between the binding of a ligand (hormone, growth factor) to a target 
cell and the transmission of a signal into the cell by the activation of one or more 
biochemical pathways. Ligand binding to a receptor tyrosine kinase activates its intrinsic 
enzymatic activity. Tyrosine Idnases can also be cytoplasmic, non-receptor-type enzymes 
and act as a downstream component of a signal transduction pathway. 

As used herein, the term "signal transduction protein" refers to proteins that are 
activated or otherwise affected by ligand binding to a membrane or cytostolic receptor 
protein or some other stimulus. Examples of signal transduction protein include adenyl 
cyclase, phospholipase C, and G-proteins. Many membrane receptor proteins are coupled to 
G-proteins (i.e., G-protein coupled receptors (GPCRs); for a review, see Neer, 1995, Cell 
80:249-257 (1995)). Typically, GPCRs contain seven transmembrane domains. Putative 
GPCRs can be identified on the basis of sequence homology to known GPCRs. 

GPCRs mediate signal transduction across a cell membrane upon the binding of a 
ligand to an extracellular portion of a GPCR. The intracellular portion of a GPCR interacts 
with a G-protein to modulate signal transduction firom outside to inside a cell. A GPCR is 
therefore said to be "coupled" to a G-protein. G-proteins are composed of three polypeptide 
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subunits: an a subunit, which binds and hydrolyses GTP, and a dimeric py subunit. In Ihe 
basal, inactive state, the G-protein exists as a heterotrimer of the a and Py subunits. "When 
the G-protein is inactive, guanosine diphosphate (GDP) is ^sociated with the a subunit of 
the G-protein. When a GPCR is bound and activated by a ligaud, the GPCR binds to the 
G-protein heterotrimer and decreases tiie affinity of the Ga subunit for GDP. In its active 
state, the G subunit exchanges GDP for guanine triphosphate (GTP) and active Ga subunit 
disassociates from bolii the receptor and the dimeric Py subunit. The disassociated, active 
Ga subunit transduces signals to effectors that are "downstream" in the G-protein signaling 
pathway within the cell. Eventually, the G-protein's endogenous GTPase activity returns 
active G subunit to its inactive state, in which it is associated with GDP and the dimeric Py 
subunit. 

Numerous members of the heterotrimeric G-protein family have been cloned, 
including more than 20 genes encoding various Ga subunits. The various G subunits have 
been categorized into four families, on the basis of amino acid sequences and functional 
homology. These four families are termed Gag, Goj, Goq, and Gai2- Functionally, these 
four families differ with respect to the rntracellular signaluig pathways that tfaey activate and 
the GPCR to which they couple. 

For example, certain GPCRs normally couple with Gag and, through Gag, these 
GPCRs stimulate adenylyl cyclase activity. Other GPCRs normally couple with GGoq, and 
through GGaq, these GPCRs can activate phospholipase C (PLC), such as the P isoform of 
phospholipase C (i.e., PLCp, Stermweis and Smrcka, Trends in Biochem. Sci. 17:502-506 
(1992)). 

As used herein, the term "nucleic acid binding protein" refers to proteins that bind to 
nucleic acid, and in particular to proteins that cause increased (i.e., activators or 
transcription factors) or decreased (1.0., uihibitors) transcription from a gene. 

As used herein, the team "ion channel protein" refers to proteins that control the 
ingress or egress of ions across cell membranes. Examples of ion chamiel proteins include, 
but are not limited to, the Na+-K+ ATPase pump, the Ca2+ pump, and the K+ leak chamiel 

As used herein, the term "protein kinase" refers to proteins that catalyze the addition 
of a phosphate group from a nucleoside triphosphate to an amino acid side chain in a 
protein. Kinases comprise the largest known enzyme superfamily and vary widely in their 
target proteins. Kinases maybe categorized as protean tyrosine kinases (PTKs), which 
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phosphorylate tyrosine residues, and pax)teiii serine/threonine kinases (STKs), which 
phosphorylate serine and/or threonine residues. Some kinases have dual specificity for both 
serine/fbreoniae and tyrosine residues. Almost all kinases contain a conserved 250-300 
amino acid catalytic domain. This domain can be fiuther divided into 1 1 subdomains. 
N-terminal subdomaiiis I-IV fold into a two-lobed strocture that binds and orients the ATP 
donor molecule, and subdomain V spans the two lobes. C-terminal subdomains VI-XI bind 
the protein substrate and transfer the gaiiraia phosphate &om ATP to tiie bydroxyl group of a 
serine, thi-eonine, or tyrosine residue. Each of the 11 subdomains contains specific catalytic 
residues or amino acid motifs characteristic of that subdomaia. For example, subdomain I 
contains an S-amino acid glycine-rich ATP binding consensus motif, subdomain H contains 
a critical lysine residue required for maximal catalytic activity, and subdomains VI through 
DC comprise the highly conserved catalytic core. STKs and PTKs also contain distinct 
sequence motifs in subdomams VI and VUI, which may confer bydroxyamino acid 
specificity. Some STKs and PTKs possess structural characteristics of both farmiies. In 
addition, kinases may also be classified by additional amino acid sequences, generally 
between 5 and 100 residues, which either flank or occur within the kinase domain. 

Non-tiansmembrane PTKs form signaling complexes with the cytosolic domains of 
plasma membraiie receptors. Receptors that signal through non-transmembrane PTKs 
include cytokine, hormone, and antigen-specific lymphocytic receptors. Many PTKs weie 
first identified as oncogene products in cancer cells in whicli PTK activation was no longer 
subject to normal cellular controls. In fact, about one third of the known oncogenes encode 
PTKs. Furthermore, cellular transformation (oncogenesis) is often accoragpanied by 
increased tyrosine phosphorylation activity (See. e.g., Carboimeau, H. and Tonks, Annu, 
Rev. Cell Biol. 8:463-93 (1992)). Regulation of PTK activity may therefore be an important 
strategy in controlling some types of cancer. 

As used herein, the term "reporter gene" refers to a gene encoding a protein that may 
be assayed. Examples of reporter genes include, but are not limited to, lucifer'ase (See, e.g., 
deWet et al, Mol. Cell. Biol. 7:725 (1987) and U.S. Pat Nos., 6,074,859; 5,976,796; 
5,674,713; and 5,618,682; all of which are incorporated herein by reference), green 
fluorescent protein (e.g., GenBank Accession Number U43284; a number of GFP variants 
are coimnercially available from CLONTECH Laboratories, Palo Alto, CA), 
chloramphenicol acetyltransferase, p-galactosidase, alkaline phosphatase, and horse radish 
peroxidase. 

-43- 



wo 2004/001384 



PCT/US2003/020041 



As TKed herein, the terms "computer manory" and "computea- memory device" refer 
to any storage media readable by a computer processor. Exan^les of computer rQemoiy 
include, but are not limited to, RAM, ROM, computer chips, digital video disc (DVDs), 
compact discs (CDs), hard disk drives (HDD), and magnetic tape. 

As used herein, the term "computer readable medium" refers to any device or system 
for storing and providing infonnation (e.g. , data and instructions) to a computer processor. 
Examples of con^uter readable media include, but are not Umited to, DVDs, CDs, hard disk 
drives, magnetic tape and servers for streaming media over networks. 

As used herein, the term "entering" as in "entering said genetic variation information 
into said computer" refers to transferring information to a "computer readable medium." 
Information maybe transferred by any suitable method, iucluding but not limited to, 
manually (e.g., by typing into a computer) or automated (e.g., transferred from another 
"computer readable medium" via a "processor"). 

As used herein, the terms "processor" and "ceutial processing unit" or "CPU" are 
used mterchangeably and refer to a device that is able to read a program &om a computer 
memory (e.g., ROlVf or other computer memory) and peiform a set of steps according to the 
program. 

As used herein, the term "computer implemeaited method" refers to a method 
utilizing a "CPU" and "computer read^le medram." 

The terms "neoplasm" and "tumor" refer to a tissue growth which is chai-acterized, in 
part, by increased angiogenesis and/or increased cell proliferation. Neoplasms maybe 
benign and are exemplified, but not limited to, a hemangioma, glioma, teratoma, and the 
like. Neoplasms may alternatively be malignant, for example, a carcinoma, sarcoma, 
glioblastoma, astrocytoma, neuroblastoma, retinoblastoma, and the like. 

The terms "malignant neoplasm" and "malignant tumor" refer to a neoplasm which 
contams at least one cancer cell. A "cancer cell" refers to a cell undergoing early, 
intermediate or advanced stages of multi-step neoplastic progression as previously described 
(H.C. Pitot (1978) in "Fundamentals of Oncology," Marcel Dekker (Ed.), New York pp 15- 
28). The features of early, intermediate and advanced stages of neoplastic progression have 
been described using microscopy. Cancer cells at each of the three stages of neoplastic 
progression generally have abnormal karyotypes, including translocations, inversion, 
deletions, isochromosomes, monosomies, and extra chromosome. A cell in the early stages 
of malignant progression is referred to as "hyperplastic cell" and is characterized by dividing 
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■without control and/or at a greater rate than a normal cell of the same cell type in the same 
tissue. Prolifa-ation may be slow or rapid but continues unabated. A cell in the 
intermediate stages of neoplastic progression is referred to as a "djraplastic cell." A 
dysplastic cell resembles an immature epithelial cell, is generally spatially disorganized 
within the tissue and loses its specialized structures and fimctions. During the intermediate 
stages of neoplastic progression, an increasing percentage of the epithelium becomes 
composed of dysplastic cells. "Hyperplastic" and "dysplastic" cells are referred to as "pre- 
neoplastic" cells. la the advanced stages of neoplastic progression a dysplastic cell become 
a "neoplastic" cell. Neoplastic cells are typically invasive Le., they either invade adjacent 
tissues, or are shed &om the primary site and circulate through the blood and lymph to other 
locations in the body where they initiate one or more secondary cancers, i.e., "metastases." 
Thus, the term "cancer" is used herein to refer to a malignant neoplasm, which may or may 
not be metastatic. Malignant neoplasms that can be diagnosed using a method of the 
invention iaclude, for example, carcinomas such as hmg cancer, breast cancer, prostate 
cancer, cervical cancer, pancreatic cancer, colon cancer, ovarian cancer; stomach cancer, 
esophagus cancer, mouth cancer, tongue cancer, gum cancer, skin cancer (e.g., melanoma, 
basal ceil carcinoma, Kaposi's sarcoma, e?c.), muscle cancer, heart cancer, liver cancer, 
bronchial cancer, cartilage cancer, bone cancer, testis cancer, kidney cancer, endometrium 
cancer, uterus cancer, bladder cancer, bone marrow cancer, lymphoma cancer, spleen 
cancer, thymus cancer, thyroid cancer, brain cancer, neuron cancer, mesothelioma, gall 
bladder cancer, ocular cancer {e.g., caiacer of the cornea, cancer of uvea, cancer of the 
choroids, cancer of the macula, vitreous humor cancer, etc), joint cancer (such as synovium 
cancer), glioblastoma, lymphoma, and leukemia. MaUgnant neoplasms are further 
exemplified by sarcomas (such as osteosarcoma and Kaposi's sarcoma). The invention 
expressly contemplates within its scope any maUguant neoplasm so long as the neoplasm is 
characterized, at least in part, by angiogenesis associated with alpha 4 beta 1 expression by 
the newly fonning blood vessels. 

The terms "disease" and "pathological condition" are used hiterchangeably to refer to 
a state, signs, and/or symptoms that are associated with any impairment, interruption, 
cessation, or disorder of the normal state of a livmg ammal or of any of its organs or tissues 
that interrupts or modifies the performance of normal fimctions, and may be a response to 
environmental factors (such as malnutrition, industrial hazards, or climate), to specific 
infective agents (such as worms, bacteria, or viruses), to inherent defect of the organism 
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(such as various genetic anomalies, or to combinations of these and other factors. The tenn 
"disease" includes responses to injuries, especially if sucli responses are excessive, produce 
symptoms that excessively iaterfere with nomial activities of an individual, and/or the tissue 
does not heal normally (where excessive is characterized as the degree of interference, or the 
length of the interference). 

The term "cell" refers to a single cell as well as to apopulation of (i.e., more than 
one) cells. The population may be a pure population comprising one cell type. 
Alternatively, the population may comprise more than one cell type. In the present inven- 
tion, there is no limit on the number of cell types that a cell population may comprise. The 
terms "cells," "at least one cell," and "population of cells" refer to two or more cells. In one 
embodiment, the cell is exempHfied by, but not limited to, endotlielial cell, vascular smooth 
muscle cell, monocyte cell, macrophage cell, benign tunior cell, mahgnant tumor cell, 
fibroblast cell, B cell, T cell, myocyte cell, megakaryocyte cell, eosinophil cell, neurite cell, 
and synoviocyte cell. In anotlier embodiment, the cell is exemplified by B cell, stromal cell 
of lymph organ such as spleen, fibroblast cell such as embryo fibroblasts (EFs), including 
mouse embryo fibroblasts (MEFs), macrophage cell such as stromal macrophage cell, 
dendritic cell, neuron cell, plasma cell, lymphoid cell, lymphoblastoid cell, myeloid cell, 
Reed-Stember (HRS) cell of Hodgkin's lymphomas, epithelial cell such m breast cell, 
gastric cell, lung cell, prostate cell, cervical cell, pancreatic cell, colon cell, rectal cell, 
ovarian cell, storiiach cell, esophagus cell, mouth cell, tongue cell, gum cell, skin cell, 
muscle cell, heart cell, liver cell, bronchial cell, cartilage cell, bone cell, testis cell, kidney 
cell, endometrium cell, uterus cell, bladder cell, gastrointestinal tract cell, thyroid cell, brain 
cell, gall bladder cell, gashx)ffitestinal tract cell, and ocular cell (such as cell of the cornea, 
cell of uvea, cell of the choroids, cell of the macula, vitreous humor ceU, etc.). 

As used ra this specification and the appended claims, the singular forms "a," "an" 
and "the" includes both singular and plural references unless the content clearly dictates 
otherwise. 

As used herein, the term "or" when used in the expression "A or B," where A and B 
refer to a composition, disease, product, etc., means one, or the other, or both. 

The term "on" when in. reference to the location of a first article with respect to a 
second article means that the first article is on top and/or into the second article, including, 
for example, where the first article permeates into the second article after initially being 
placed on it. 
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As used herein, the term "comprising" when placed before the recitation of steps in a 
method means that ihe method encompasses one or more steps that are additional to those 
expressly recited, and that the additional one or more steps may be performed before, 
between, and/or after the i©cited stq)s. For example, a method comprising steps a, b, and c 
encompasses a method of steps a, b, x, and c, a method of steps a, b, c, and x, as well as a 
method of steps x, a, b, and c. Furfheamore, the teim "comprising" when placed before the 
recitation of steps in a method does not (although it may) require sequential performance of 
the listed steps, unless the content clearly dictates otherwise. For example, a method 
comprising steps a, b, and c encompasses, a method of performing steps in the order of steps 
a, c, and b, the order of steps c, b, and a, and the order of steps c, a, and b, etc. 

Unless otherwise indicated, all numbers expressing quantities of ingredients, 
properties such as molecular weight, reaction conditions, and so forth as used in the 
specification and claims are to be understood as being modified in all instances by the term 
"about." Accordingly, unless indicated to the contrary, the numerical parameters in the 
specification and claims are approximations that may vary depending upon the desired 
properties sought to be obtained by the present invention. At the veiy least, and without 
limiting the appHcation of the doctrine of equivalents to the scope of the claims, each 
numerical parameter should at least be construed in light of the number of reported 
significant digits and by applying ordinary romiding techniques. Notwithstanding that the 
numerical ranges and parameters describing the broad scope of the invention are 
approximation, the numerical values in the specific examples are reported as precisely as 
possible. Any numerical value, however, inherently contains standard deviations that 
necessarily result firom the errors found in the numerical value's testuig measurements. 

The term "not" when preceding, and made in reference to, any particularly named 
molecule (such as the catalytic subunit of protein kinase, etc.), phenomenon (such as 
biological activity, biochemical activity, etc.) Eind/or composition (such as endothelial cells) 
means that only the particularly named molecule, phenomenon, and/or composition is 
excluded. For example, the term "integrin is not alpha 5 beta 1" means any integrin (such as 
alpha V beta 1, alpha v beta 3, alpha v beta 5, alpha v beta 6, alpha v beta 8, alpha 1 beta 1, 
alpha 2 beta 1 , alpha 3 beta 1, alpha 4 beta 1 , alpha 6 beta 1, alpha 7 beta 1, alpha 8 beta 
1, alpha9betal, alpha lObeta 1, alpha6beta4, alpha4beta7, aIphaMbeta2, alphaL 
beta 2, alpha X beta 2, and alpha lib beta 3) other than alpha 5 beta 1 integrin. 
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The temis "modulate/' "alter" as used herein refraa to a change in the biological 
activity of a biologically active molecule, or to a change in the activity of a biological 
process (e.g., angiogenesis, cell migratiorLj cell adhesion, cell survival (contra, cell 
apoptosis)), and the like). Modulation can be an increase or a decrease in activity, a change 
in binding characteristics, or any other change in the biological, functional, or 
immunological properties of biologically active molecules. In paaticular, tiie terms 
"modulate," "alter" and grammatical equivalents as used herein in reference to the level of 
any substance and/or phenomenon refers to an increase and/or decrease in the quantity of the 
substance and/or phenomenon, regardless of whether the quantity is determined objectively, 
and/or subjectively. 

The terms "increase," "elevate," "raise," and grammaticai equivalents when in 
reference to the level of a substance and/or phenomenon in a first sample relative to a 
second sample, mean that the quantity of the substance and/or phenomenon in the first 
sample is higher than in the second sample by any aniount that is statistically significant 
using any art-accepted statistical method of analysis, hi one embodiment, the mcrease may 
be determined subjectively, for example when a patient refers to their subjective perception 
of disease symptoms, such as pain, clarity of vision, etc.. In another embodiment, the 
quantity of the substance and/or phenomenon in the first sample is at least 10% greater than 
the quantity of the same substance and/or phenomenon in a second sample. In another 
embodiment, the quantity of the substance and/or phenomenon ui the first sample is at least 
25% greater than the quantity of the same substance and/or phenomenon in a second 
sample. In yet another embodiment, the quantity of the substance and/or phenomenon in the 
first sample is at least 50% greater than the quantity of the same substance and/or 
phenomenon in a second sample. In a fiirther embodiment, the quantity of the substance 
and/or phenomenon in the first sample is at least 75% greater than the quantity of the same 
substance and/oa* phenomenon in a second sample. la yet another embodiment, the quantity 
of the substance and/or phenomenon in the first sample is at least 90% greater than the 
quantity of the same substance and/or phenomenon in a second sample. 

The terms "reduce," "iiihibit," "diminish," "suppress," "decrease," "block," and 
grammatical equivalents when in reference to the level of a substance (such as a protein, 
nucleic acid sequence, etc.) and/or phenomenon (such as cell migration, cell survival, 
angiogenesis, enzyme activity such as protein kinase activity, etc.) in a first sample relative 
to a second sample, mean that the quantity of substance and/or phenomenon in the first 
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sample is lower than in the second sample by any ^oimt that is statistically significant 
using any art-accepted statistical mefliod of analysis. The first and second samples need not, 
although they may, be firom different sources. For example, a second sample may be the 
same as the first sample with the exception that the second sample has been manipulated 
(e.g., temperature change) or treated in the presemce or absence of con^unds as compared 
= to the first sample. In one embodiment, the reduction maybe deteimined subjectively, for 
exaHq)le when a patient refers to their subjective perception of disease symptoms, such as 
pain, clarity of vision, etc. In another embodiment, the quantity of the substance and/or 
phenomenon in the first sample is at least 10% lower tlian the quantity of the same 
substance and/or phenomenon in a second sample. In another embodiment, the quantity of 
the substance and/or phenomenon in the first sample is at least 25% lower than the quantity 
of the same substance and/or phenomenon in a second sample, hi yet another embodiment, 
the quantity of the substance and/or phenomenon in the first sample is at least 50% lower 
than the quantity of the same substance and/or phenomenon in a second sample. In a further 
embodiment, the quantity of the substance and/or phenomenon in the first sample is at least 
75% lower than the quantity of the same substance and/or phenomenon in a second sample. 
In yet another embodiment, the quantity of the substance and/or phenomenon in the first 
sample is at least 90% lower than the quantity of the same substance and/or phenomenon in 
a second sample. 

For exan^jle, in one embodiment, as used herein, the tenn "inhibiting angiogenesis," 
"diminishing angiogenesis," "reducing angiogenesis," and grammatical equivalents thereof 
refer to reducing the level of angiogenesis in a tissue to a quantity which is preferably 10% 
less than, more preferably 50% less than, yet more preferably 75% than, even more 
preferably 90% less than, the quantity in a corresponding control tissue, and most preferably 
is at the same level which is observed in a control tissue. A reduced level of angiogaiesis 
need not, although it may, mean an absolute absence of angiogenesis. The invention does 
not require, and is not limited to, methods which wholly eUnodnate angiogenesis. 

Using another example, in another embodiment, the terms "reducing the level of 
expression of an integrin of mterest," or "diminishing expression of an integrin of interest or 
expression pf a ligaud of an integrin of interest," and grammatical equivalents thereof, as 
used herein refer to reducing the level of an integrin of interest or of a ligand of an integrin 
of interest to a quantity which is preferably 20% less than the quantity in a corresponding 
control tissue, more preferably is 50% less than the quantity in a corresponding control 
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tissue, yet mote pareferably is 90% less thaa the quantity in a corresponding control tissue, 
and most preferably is at the background level of, or is undetectable by any method, such as 
a Western blot analysis of the integrin or of the ligand of the integrin, by 
immunofluorescence for detection of integrin or of the ligand of the integrin, by reverse 
transcription polymerase chain (RT-PCR) reaction £or detection of the integrin or of the 
ligand of the integrin raRNA, and/or by in situ hybridization for detection of integrin or of 
the ligand of the integrin mRISfA. When a background level, or undetectable level, of (he 
integrin of interest, or of the ligand of the integrin of interest peptide or mRNA is measured, 
this may indicate that integrin or ligand of the integrin is not expressed. A reduced level of 
integrin or ligand of the integrin need not, although it may, mean an absolute absence of 
expression of integrin or of tiie ligand of the integrin. The invention does not require, and is 
not limited to, antisense integrin of any particular integrin of interest or to the ligand of any 
particular integrin of interest. 

In yet another examtple, in another embodiment, the terms "inhibit the specific 
binding" and "reduce the specific binding" when made in reference to the effect of an agent 
on the specific binding of an mtegrin with a corresponding integrin ligand means that the 
agent reduces the level of specific binding of the integrin with its ligand to a quantity which 
is preferably 10% less than, more preferably 50% less than, yet more preferably 75% than, 
even more preferably 90% less than, the quantity of specific binding in a corresponding 
control sample, and most preferably is at the same level which is observed in a control 
sample, as detected by (for example) an Ettzyme Linked hnmunosorbeait Assay (ELIS A). A 
reduced level of specific binding need not, although it may, mean an absolute absence of 
specific binding. The invention does not require, and is not Ihnited to, methods which 
wholly eliminate specific binding of an integrin with its ligand 

Reference herein to any specifically named polypeptide sequence (such as SEQ ID 
Nos; 1 14 and) or protein (such as "protein kinase A," "parathyroid hormone," "parathyroid 
hormone related protem," etc.) refers to a polypeptide and protein, respectively, having at 
least one of the biological activities of the specifically named protein, wherein the biological 
activity is detectably by any method. For example, in one embodiment, exemplary 
polynucleotides encoduig PTH include SEQ ID NOs: 1-44 and 112) listed in Table 1 shown 
below. Exemplary polynucleotides encoding PTHrP mclude SEQ ID NOs: 45-73 snd 1 13 
listed in Table 2 shown below. Exemplary polynucleotides encoding at least a portion of a 
catalytically active PKA subunit and amino acid sequences encoded thereby (e.g., SEQ ID 
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NOs: 74-1 1 1) are shown below in Table 3, 

In addition, reference heiein to any specifically named polypeptide sequence (such as 
SEQ ID Nos:114, 1 15) or protein (such as "protein kinase A," "parathyroid hormone," 
"parathyroid hormone related protein," etc.) includes within its scope ftagments, fusion 
proteins, and variants of the specifically named polypeptide sequence and protein. The term 
"JBragment" as used herein refers to a polypeptide that has an amino-tenninal and/or carboxy- 
terminal deletion as compared to the native protein, but where the remaining amino acid 
sequence is identical to the corresponding positions in the amino acid sequence deduced 
firom a full-length cDNA sequence. Fragments typically are at least 4 amino acids long, 
preferably at least 20 amino acids long, usually at least 50 amino acids long or longer, up to 
the entire amino acid sequence minus one amino acid residue. In one embodiment, a 
fi'agment spans the portion of the polypeptide required for intermolecular binding of the 
compositions (claimed in the present invention) with its various Ugands and/or substrates. 
The term a "variant" of a protein as used herein is defined as an amino acid sequence which 
differs by insertion, deletion, and/or conservative substitution of one or more amino acids 
firom the protein. The term "conservative substitution" of an amino acid refers to the 
replacement of that amino acid with another amino acid which has a similar hydrophobicity, 
polarity, and/or structure. For example, the following aliphatic amino acids with neutral 
side chains may be conservatively substituted one for the otherr: glycine, alanine, valine, 
leucine, isoleudne, serine, and threonine. Aromatic amino acids with neutral side chains 
which may be conservatively substituted one for the other include phenylalanine, tyrosine, 
and tryptophan. Cysteine and methionine are sulphur-containing amino acids which may be 
conservatively substitated one for the other. Also, asparagine may be conservatively 
substituted for glutamine, and vice versa, since both amino acids are amides of dicarboxylic 
amino acids. In addition, aspartic acid (aspartate) may be conservatively substituted for 
glutamic acid (glutamate) as both are acidic, charged (hydrophiUc) amino acids. Also, 
lysine, arginine, and histidine may be conservatively substituted one for the other since each 
is a basic, charged (hydrophilic) amino acid. Guidance in determining which and how many 
amino acid residues maybe substituted, inserted or deleted without abolishing biological 
and/or immunological activity may be found using computer programs well known in the 
art, for example, DNAStar™; soflwaie. hi one embodiment, the sequence of the variant 
has at least 95% identity with the sequence of the protein in issue. In another embodiment, 
the sequence of the variant has at least 90% identity with the sequence of the protein in 
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issue. la yet anotiier embodimetit, the sequence of the variant has at least 85% identity with 
file sequence of the protein in issue, lii a further embodimeat, the sequence of the variant 
has at least 80% identity with the sequence of the protein in issue. In yet another 
embodiment, the sequence of the variant h^ at least 75% identity with the sequence of the 
protein in issue. In another embodiment, the sequence of the variant has at least 70% 
identity with the sequence of the protein in issue. In another embodiment embodiment, the 
sequence of the variant has at least 65% identity with the sequence of the protein in issue. 

Reference herein to any specifically named nucleotide sequence (such as a sequeaice 
encoding protein kinase A, a sequence encoding parathyroid hormone, AVSEHQLLHS/D, 
SVSEIQLMNL, etc) includes within its scope fragments, homologs, and sequences that 
hybridize under stingnet condition to the specifically named nucleotide sequence. The 
Jragment may range in size from an exemplary 10, 20, 50, 100 contiguous nucleotide 
residues to the entire nucleic acid sequence minus one nucleic acid residue. Thus, a nucleic 
acid sequence comprising "at least a portion of a nucleotide sequence comprises firom ten 
(10) contiguous nucleotide residues of the nucleotide sequence to the entire nucleotide 
sequence. The term "homolog" of a specifically named nucleotide sequence refers to an 
oligonucleotide sequence which exhibits greater than or equal to 50% identity to the 
oligonucleotide sequence in issue when sequences having a length of 100 bp or larger are 
compared. Alternatively, a homolog of a specifically named nucleotide sequence is defined 
as an oligonucleotide sequence that has at least 95% identity with the sequence of the 
nucleotide sequence in issue. In anothei' embodiment, the sequence of the homolog has at 
least 90% identity with the sequence of the nucleotide sequence in issue. In yet another 
embodiment, the sequence of the homolog has at least 85% identity with the sequence of the 
nucleotide sequence in issue. In a furtlier embodiment, the sequence of the homolog has at 
least 80% identity with the sequence of the nucleotide sequence in issue. In yet another 
embodiment, the sequence of the homolog has at least 75% identity with the sequence of the 
nucleotide sequence in issue. In another embodiment, the sequence of the homolog has at 
least 70% identity with the sequence of the nucleotide sequence in issue. In another 
embodiment embodiment, the sequence of the homolog has at least 65% identity with the 
sequence of the nucleotide sequence in issue. 

The terms nucleotide sequence "comprising a particular nucleic acid sequence" and 
protein "comprising a particular amino acid sequence" and equivalents of these tersm, refer 
to any nucleotide sequence of interst and to any protein of interest that contains ttie 
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particularly named nucleic acid sequence (such tiie particularly named AVSEHQLLHS/D 
and SVSEIQIMNL sequences) and the particulariy named amino acid sequence {such as the 
particularly named protein kinase A catalytic subunit), respectively. The invention does not 
limit on file source (s,g,, cell type, tissue, animal, etc.), nature (s.g., synthetic, recombinant, 
purified fiom cell extract, etc), and/or sequence of the nucleotide sequeaice of interst and/or 
protein of interst. 3h one embodiment, the nucleotide sequence of interst and protein of 
interst include coding sequences of structural genes (e.g., probe genes, reporter genes, 
selection marker genes, oncogenes, drug resistaice genes, growth fectors, etc.). 

Exemplary "probe" genes sequences (i.e., sequence usefiil in the detection, 
identification and isolation of particular poljpeptide sequence) encode Ugand-binding 
systems useful for the isolation of polypeptides such as the st^hylococcal protein A and its 
derivative ZZ (whicli binds to human polyclonal IgG), histidine tails (which bind to Ni2+), 
biotin (which binds to streptavidin), maltose-binding protein (MBP) (which binds to 
amylose), glutathione S-transferase (which binds to glutathione), etc. Exemplary "reporter" 
gene sequences (i.e. sequences that encodes a molecule such as RNA, polypeptide, etc., that 
is detectable in enzyme-based histochemical assays, fluorescent, radioactive, and 
luminescent systems, etc.) include green fluorescent protein gene, E. coli -galactosidase 
gene, human placental aJkaline phosphatase gene, and chloramphenicol acetyltransferase 
gene. 

in another embodiment, the nucleotide sequence "comprising a particular nucleic 
acid sequence" encodes a "fusion protein," i.e., two or more polypeptides that are "operably 
linked" i.e., wherein the linkage of nucleic acid sequences and/or amino acid sequences is 
such fliat the linked sequences perform their intended function. For example, operably 
linking a promoter sequence to a nucleotide sequence of interest refers to linking the 
promoter sequence and the nucleotide sequence of int^st in a manner such that the 
promoter sequence is capable of directing the transcription of the nucleotide sequence of 
interest and/or the synthesis of a polypeptide encoded by the nucleotide sequence of interest. 
The term also refers to the linkage of amino acid sequences in such a manner so that a 
fimctional protein is produced. Exemplary sequences that may be linked to the invention's 
sequence include those for adenosine deaminase (ADA) gene (GenBank Accession No. 
M13792); aIpha-1-antitrypsin gene (GenBank Accession No. Ml 1465); beta chain of 
hemoglobin gene (GenBank Accession No. ]S|M_00051 8); receptor for low density 
lipoprotein gene (GenBank Accession No. D16494); lysosomal glucocerebrosidase gene 
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(GenBank Accession No. K02920); hypoxanthine-guamnephosphDribosyltransferase 
(HPRT) gene (GenBank Accession No. M26434, J00205, M27558, M27559, M27560, 
M27561, M29753, M29754, M29755, M29756, M29757); lysosomal arylsulfatase A 
(ARSA) gene (GenBank Accession No. NM:_000487); ornithine transcarbamylase (OTC) 
gene (GenBank Accession No. NM_000531); phenyMaaine hydroxylase (PAH) gene 
(GenBank Accession No. ]S!M_000277); puiine nucleoside phosphorylase (MP) gene 
(GenBank Accession No. 1SJM_000270); the dystrophin gene (GenBank Accession Nos. 
M18533, M17154, andM18Q26); the utrophin (also called the dystrophin related protein) 
gene (GenBank Accession No. NM_007124); and tiae human cystic fibrosis transmembrane 
conductance regulator (CFTR) gene (GenBanlc Accession No.M2866S). 

In a further embodiment^ nucleotide sequences of mterst also include non-coding 
regulatory sequences which do not encode an mRNA or protein product, {e.g., promoter 
sequence, polyadenylation sequence, termination sequence, enhancer sequence, etc.). 
Exemplary "promoters" include, without limitation, single, double and triple promoters. 
Double promoters are exempUfied, but not limited to, vaENA I-tRNA, vaKNA I-CMV, 
vailNA I-RS V, vaRNA I-S V40, vaRNA I-PEPCK, vaRNA I-MT, vaRNA I-SR , vaRNA I- 
P450 family, vaRNA I-GAL7, Ty-vaRNA I, Ts-vaRNA, vaRNA I-SP6, vaRNA I-Kll, and 
vaRNA I-heat shock protein double promoters, while triple promoters are exemplified, but 
not limited to, the CMV-T7-vaRiS[A I triple promoter. 

In addition, the invention's molecules may be linked to a glycopeptide, 
polysaccharide, lipopeptide, glycolipid, Hpid, steroid, etc. 

GENERAL DESCRIPTION OF THE INVENTION 

The invention relates to methods for detecting and inhibiting angiogenesis, cell 
migration, cell adhesion, and/or cell survival in endothelial and non-endothelial cells as well 
as in normal and tumor cells. The invention further relates to methods for screening test 
compounds for their ability to inhibit angiogenesis, cell migration, cell adhesion, and/or cell 
survival. The compositions and methods of the present invention are useful in, for example, 
in diagnosing and inhibiting pathological conditions associated with angiogenesis, cell 
migration, cell adhesion, and/or cell survival. Cell migration and invasion is positively 
regulated by a number of important Ugaud/receptor interactions between growth factors and 
thek receptors, and integrins and extoacellular matrix ligands and proteases. Generally, cell 
migration is regulated by growfli factor receptor and integrin stimulated signaling pathways 
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that activate small GTP^es (e.g., Rho, Rac, and cdc42), kinases {e.g., Src and FAfC), 
cytoakeletal proteins (e.g., vinculin and paxillin), and MAP kinases 3. Provisional 
extracellular matrices are secreted by actively proliferating and migrating cells, wMe 
basement meanbrane type EC!M proteins support tissue homeostasis and quiescence. 
Proteases convert basement membranes components such as laminin and collagen to 
provisional ECM proteins by exposing cryptic integrin binding sites. In contrast to 
basement membrane components, provisional ECM components preferentially activate the 
migratory phenotype. However, the mechanisms regulating these different cellular 
responses to the two types of ECM components remain unclear. Growth factors stimulate, 
while integrins support, cell movement along extracellular membrane proteins. While 
growth factors are required to elicit new blood vessel growth, adhesion to provisional ECM 
proteins such as fibronectin, vitronectin, and fibrinogen is required for endothehal cell 
survival, prohferation and motility during new blood vessel growth. (See e.g., J.E. Meredith 
Jr., et al., Mol Biol. Cell, 4:953-961 (1993); P.C. Brooks et al. Cell, 79:1157-1164 (1994); 
N. Boudreau et al. Science, 267:891-893(1995); S. Strombladef al., J. Chn, Livest., 
98:426-433 (1996); R.A.F. Clark a/. Am. J. Path. 148:1407-1421 (1996); andM. 
Friedlander et al. Science, 270:1500-1502 (1995)). 

Importantly, cell migration is mediated in large part by the integrins, a family of over 
twenty different aP heterodimeric combinations, vrfiich bind to extracellular matrix (ECM) 
proteins or cell surface inomunoglobulin family molecules through short peptide sequences 
in the ligands. Integrins regulate not only cell adhesion and migration on the ECM proteins 
found in intercellular spaces and basement membranes, but also signal transduction that 
promotes motihty {e.g., angiogenesis), cell survival (e.g., entry into apoptosis), and gene 
expression. For instance, some embodiments of the present invention contemplate that 
unoccupied (unligated) integrins (e.g., unligated integrin a5pl in tumor cells) dominantly 
suppress cell survival in attached cells. Thus, in preferred embodiments, the overexpression 
of certain integrins {e.g., a5pl) siq)presses tumor cell proliferation in vitro and 
tumorigenesis in vivo. 

Still fiirther embodiments of the present invention contemplate that ligation of 
certain integrins promotes endothelial cell motility and angiogenesis. Angiogenesis requires 
activation of quiescent endothelial cells by growth factors, degradation of basement 
membrane and disassociation from the supporting vascular smooth muscle, followed by 
subsequent proliferation, survival and migration of endothelial cells and eventual 
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differentiation of these cells into kunen-bearing structures that may also be lined with 
vascular smooth muscle cells. 

Undesir^le {e.g., pathological) aagiogenesis, such as occurs in solid tmnor cancer, 
results from an overbalance of stimulatory factors and an insufficiency of inhibitory fectora. 
(See e.g., P. Carmeliet and R.K. Jain, R.K. Angiogenesis in cancer and disease. Nature. 
407:249-257 (2000)). Certain embodiments of the preseat invention provide methods and 
compositions to inhibit angiogenesis by blocking one or more of tiiese discrete processes. 

la some embodiments, lie present invention contemplates that ligation of the 
fibronectin receptor, integrin aSpl, promotes endothelial cell migration and angiogenesis. 
In contrast, endothelial cell migration, angiogenesis and tumor growth are inhibited by 
antagonists (e.g., small molecules, antibodies, dominant negative mutations, and the like) of 
integrin aSpi and antagonists of fibronectin. (See e.g., S. Kim et al. Am. J. Path., 
156:1345-13 62 (2000)) . Other integrins that positively regulate vascular development and 
angiogenesis include integrins aPv3 and aPv5. (See e.g., R.A.F. Clark et al. Am. J. Path., 
148:1407-1421 (1996); M. Friedlander etal. Science, 270:1500-1502 (1995); W. Arap et 
al. Science, 279:377-380 (1997); P.O. Brooks etal. Science, 264:569-571 (1994); CP. 
Caironefa/., Cancer Research, 58:1930-1955 (1998); M. Christofidou-Solomidou e;; a/.. 
Am. J. Path., 151:975-983 (1997); C.J. Drake et al, J. Cell Science, 108:2655-266 (1995); 
M. Friedlander et al, Proc. Nati. Acad Sci. U.S.A., 93:9764-9769 (1996); J.A. Vamer et 
al, Angiogenesis, 3:53-61 (1999); andD.A. SipldnsetaL, Nature Medicine, 4:623-626 
(1998)), The present invention provides antagonists of theses and other, integrins that 
inhibit angiogenesis and tumor growth by causing endothelial cells in tumors, but not in 
normal tissues, to undergo apoptosis. Thus, in preferred embodiments, certain unligated 
integrins negatively regulate angiogenesis. 

Further embodiments of the present invention provide methods and compositions 
that inhibit integrin ligation by activating protein kinase A ("PKA") even in cells adherent to 
the matrix though other integrins. In turn, it is contemplated, although the present invention 
is not limited to any particular mechanism and an understanding of the mechanism is not 
necessary to practice the present invention, that activated PKA hyperactivates the small 
GTPase Rho subsequently suppressing stress fiber formation and ultimately cell migration 
and angiogenesis. Furthermore, the present invention further contemplates that PKA 
inhibits Rac and PAK activation, thus preventing lamellipodia formation. Thus, preferred 
embodiments provide methods and oon^ositions that interference with normal actm 
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dynamics aad that eliminate cell polarity and suppresses migration of tumor cells and 
endothelial cells. In vitro activation of PKA by integrin antagonists, by cell permeable 
cAMP, or by overexpression of the catalytic subunit of PKA, and lie like, inhibite cell 
naigration. Indeed, the present invention shows that in vivo activation of PKA inhibits 
angiogenesis. PKA is a critical regulator of invasive cell behavior during tissue remodeling, 
such as occurs during angiogenesis and metastasis. 

In still another embodiment, the present invention provides methods and 
compositions comprising PTH and/or PTHrP hormone to activate PKA and phospholipase 
C. Although an understanding of the mechanism is not necessary to practice the present 
invention and the present invention is not so limited, it is contemplated that extracellular 
PTHrP and PTH activate a cell surface G protein coupled receptor (GPCR) that m turn 
signals the activation of protein kinase A and phospholipase C. {See e.g., A.B. Abou-Samra 
et al, Proc. Natl. Acad Sci. U.S.A., 89:2732-2736 (1992); and S. Hoare et al, J. Biol. 
Chem., 276:7741-7753 (2001)). This receptor is expressed on many cells including 
chondrocytes, vascular smooth muscle cells, and endothelial cells. (M. Iwamoto, J. Biol. 
Chem., 269:17245-17251 (1994); S. Maeda et al. Endocrinology, 140:1815-1825 (1999); 
andB. Jiang et al, J. Cardiovascular Pharmacol., 8142:1444 (1998)). Many of the 
physiological functions of PTHrP are mediated by activation of PKA. 

PTH and the closely related PTHrP hormone are unportant and well-described 
peptide hormones produced by tumor cells and normal cells that regulate serum calcium 
levels, vascular tone and bone foamation. Undesirable PTH and/or PTHiP levels in a 
subject can cause sever deleterious effects, for example, mice lackmg PTHrP die shortly 
after birth and suffer from skeletal abnormahties that include shortened bones and increased 
bone vascularization. {See e.g,, A.C. Karaplis et al. Genes. Dev., 8:277-289 (1994); N. 
Amizuka et al, J. Cell Biol., 126:1611-1623 (1994) and B. Lanske et al, J. Chn, Invest,, 
104:399-407 (1999)). 

Naturally occurring isofonns of PTHrP extend from amino acids 1-139, 1-141, and 
1-173, which are found only in humans. (J.M. Moseley and T.J. Martin, Parathyroid 
Hormone-Related Protem; Physiological Actions,/)/?. 363-376, m Principles of Bone 
Biology, Academic Press, Inc., (1996)). 

Although PTHrP is produced by many himor cells, little is known about its eifects 
on tumor vasculature, hi contrast, PTHrP is Icnown to cause elevated serum calcium levels 
hi cancer patients {e.g., humoral hypercalcemia of malignancy (HHM)) and to promote local 
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bone metastases. {See e.g„ G.A. Nickols et al. Endocrinology, 125:834-841 (1989); T.A. 
Guise et al, J. of Clin. Invest, 98:1544-1549 (1996); and T. Yoneda, European J. Cancer, 
34:240-5 (1998)). HHM resets fiom PTHrP stimulation of osteoblasts to e3q)ress RANKL, 
a factor that induces osteoclast differentiation from macrophages, subsequent degradation of 
mineralized bone and eventual serum calcium elevation. (R, J. Thomas ah. 
Endocrinology, 140:4451-4458 (1990)). Local PTHrP mediated bone degradation may 
contribute to tumor cell colonization of bone to form metastases. Recent studies indicate 
that PTHrP also acts in an intracrine fashion to stimulate tumor cell proliferation. (A. Guijal 
etal. Cane. Res., 61:2282-8888 (2001)). 

Recent studies show that PTHrP may promote tumor progression, but also may 
negatively regulate bone vascularization. Certain embodiments of the present invention are 
directed to determining the role PTHrP plays in the physiological regulation of 
angiogenesis. The present invention shows that the angiostatic effects of PTHrP require 
activation of PICA by its G protein coupled receptor. Once activated, PKA suppresses Rac 
activation, which in turn inhibits endotheUal cell migration and angiogenesis. Thus, in one 
embodimait, the present invention provides methods and compositions for the localized 
administration of PTHrP or activation of PKA to treat {e.g., inhibit) diseases characterized 
by undesirable angiogmesis. 

Data herein shows one embodiment where PKA is activated by inhibition of integrin 
ligation. In particular, data herein shows the time course of PKA activation in endothelial 
cells placed in suspension or maintained in monolayears: the time course of PKA activation 
in endothelial cells maintained in suspension for 30 min (t?=-30), then maintained in 
suspension or allowed attached to vitronectin coated culture plates; the time course of PKA 
activation in endothelial ceU monolayers treated with or without 250 pM dibutyryl camp; 
the activity in endothelial cells maintained in suspension for 60 min (sus) or allowed to 
attach for 60 min to vitronectin , flbronectin, or collagen-coated culture plates in the absence 
(med) or presence of antibody antagonists of integrins a5pl, a2pi, and avP3. 

Data herein also shows one embodiment where unligated integrin aSpi suppresses 
endothehal and tumor cell migration on, but not cell attacliment to, provisional ECM 
proteins. In particular, data herein shows endotheUal cell adhesion (left) and migration 
(right) on vitronectin in the presence of medium, anti-a5pi, anti-avp3, and anti-a2pi 
antibodies. Data herein shows endothelial cell adhesion (left) and migration (right) on Del 1 
in the presence of medium, auti-a5|31, anti-avP3, and anti-a2pl antibodies; endothelial cell 
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migration on oollagen and l armiin'Ti in tiie presence of medium, anti-oSpi, anti-avp3, anti- 
ot2pl, or anti-a6bl antibodies; Rhodamine-PhalloidiQ staining for F-actin in endothelial cells 
attached to vitronectin in the absence {medium) or presence of anti-integria a5pl or a2pl. 

Additional data herein also shows an embodiment of the role of PKA. in integrin 
regulation of endothelial cell migration. For example, data herein shows activity in 
endothelial cells transfected witii expression constructs encoding GFP or mutationally 
inactive PKA (dnPKA) and treated with cAMP or placed m suspension. Fmhter data herein 
shows expression of dnPKA and GFP transgenes m endothehal cells was detected by 
Western blotting for V5 tag and GFP. Transfection efficiency of HUVECs by 
electroporation is 70-80%; expressed proteias are detected by immunoblotting of cell lysates 
for GFP and V5tag on dnPKA; migration of Nl GFP (black bars) and pcDNA 3 . 1 V5/his- 
dnPKA and NIGFP (gray bars) trausfected endothelial cells on Adtronectin in the presence 
of 25 pg/ml anti-aSpi, anti-a2(31 or anti-avp3 antibodies. Expression of dnPKA and GFP 
transgenes in endothehal cells detected by Western blotting for V5 tag and GFP. Data 
herein also shows migration of endothelial cells transfected witbpcDNA 3.1 V5/his-daPKA 
and NIGFP (stippled bars) or NIGFP alone (black bars) on vitronectin in the presence of 25 
fig/ml anti-avp3, anti-avb5, anti-a2pi or anti-avp3 in combination with anti-avbS; migration 
of endothelial cells transfected withpcDNA 3.1 V5/his-PKA catalytic subunit (PKAcat) and 
NIGFP or NIGFP (GFP) vectors alone on vitronectin (VN), fibronectin (FN) and collagen 
(COLL).; and exprcssion of transgenes in endothehal ceUs was detected by Western blotting 
for the V5tag on PKAcat and for GFP. Data herein also shows migration of endothelial 
cells transfected withpcDNA 3.1 VS/his-dnPKAandNlGEP or NIGFP (black bars) 
vectors alone on vitronectin (S/N) in ttie presence or absence of 250fiM dibutyryl cAMP. 
The invaators' data also shows Phalloidin staining for F-actin in pcDNA 3.1 V5/his-dnPKA 
and NIGFP (dnPKA) or NIGFP (GFP) transfected endothehal cells attached to vitronectin 
in the absence or presence of anti-integrui a5pl or a2pl . PhaUoidin staining for F-actin in 
pcDNA 3.1 V5/his-PKAcat and NIGFP transfected cells and in cAMP treated endothelial 
cells. Transfected cells were identified by green fluorescence. 

Data herein shows an embodiment of the role of Rho in the suppression of cell 
migration by nnligated integrins. For example, the data shows afEinity precipitated RhoGTP 
and total Rho levels measured in endothehal cells allowed to attach to vitronectin for 0-90 
min. The ratio of active Rho (RhoGTP) to total Rho was determined and graphed versus 
time. Data herein also shows affinity precipitated RhoGTP and total Rho levels measured in 
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esndothelial cells attached to vitronectin for 0-30 min in tibe presence of culture medium, 
auti-aSpi and anti-a2pi. The ratio of active Rho (RhoGTP) to total Rho was determined 
and graphed versus time. The data also shows the migration of endothelial cells transfected 
wifli NIGFP (GFP) or with HA-tagged pcDNA 3.1 expression vectors encoding N19Rho or 
V14Rho with NIGFP on vitronectin in Hie presence or absence of anti-aSpl . Transfected 
cells were identified by greesn fluorescence. Data herein shows expression of GFP and 
mutated Rho protems were detected by Western blotting of detergent extracts of transfected 
cells with anti-GFP or -HA tag antibodies. The invention's data shows Phalloidin staining 
for F-actininpcDNA 3.1 N19Rho and NIGFP or NIGFP (GFP) transfected endothelial 
ceils attached to vitronectin in the absence or presence of anti-integrin aSpi oral^l. 
Phalloidin staining for F-actin in pcDNA 3 . 1 V14Rho and Nl GFP transfected cells. 
Transfected cells were identified by green fluorescence. 

Data herein fixrther show that an embodiment of the role of Rac in the suppression of 
cell migration by unligated integrins. In particulai", the data shows affinity precipitated 
RacGTP and total Rac levels measured in endothelial cells allowed to attach to vitronectm 
for 0-90 min. The ratio of active Rac (RacGTP) to total Rac was determined and graphed 
versus time. Data also shows affinity precipitated RacGTP and total Rac levels measured in 
endothelial cells attached to vitronectm for 0-30 min in the presence of culture medium anti- 
aSpi and anti-a2|il . The ratio of active Rac (RacGTP) to total Rac was determined and 
graphed versus time. The data additionally shows the migration of HUVECs cells 
transfected with Nl GFP (GFP) or with HA-tagged pcDNA 3.1 expression vectors encoding 
N17Rac or V12Rac with NIGFP on vitronec'tin in the presence or absence of anti-a5p 1 . 
Transfected cells wa-e identified by green fluorescence. The data also shows the expression 
levels of GFP and mutated Rac proteins were detected by Western blotting of detergent 
extracts of transfected cells with anti-GFP or -HA tag antibodies. Exemplary data shows 
Phalloidin staining for F-actm m pcDNA 3.1 V12Rac and NIGFP or NIGFP (GFP) 
transfected endothelial cells attached to vitronectin in the absence or presence of anti- 
integrin aSpi Of a2p 1 . Phalloidin staining for F-actin in pcDNA 3.1 NlVRac and NIGFP 
transfected cells. Transfected cells were identified by green fluorescence. The invention's 
data shows cell migration on vitronectnt of endothelial cells transfected with GFP or with 
GFP and constitutively active p21 kmase (dpPAK) in the absence or presence of cAMP, 
anti-a5pl or anti-a2pi. The data also shows cell migration on vitronectin of endothelial 
cells transfected with GFP or with GFP and mutationaUy inactive (diiPAK) or constitatively 
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active p21 kinase (dpPAK). 

Data herein also show one embodiment where PKA negatively regulates migration 
and angiogenesig: role in hyperactivation of Rho and inhibition of Rac activation. For 
example, the data shows afiBnity precipitated RhoGTP and total Rho levels measured in 
endothelial cells treated with medium or 250 \iM dibutyrjd cAMP or transfected with 
NIGFP or PKAcat that allowed to attached to vitronectia for 15 min. The ratio of active 
Rho (RhoGTP) to total Rho was determined. The data shows migration on vitronectin of 
GFP or N19Rho transfected endothelial cells treated with medium or 250 nM dibutyiyl 
cAMP or co-transfected with PKAcat The data fiirther shows affinity precipitated RacGTP 
and total Rac levels measured in endothelial cells treated with medium or 250 jiM dibutyryl 
cAMP or transfected with NIGFP or PKAcat that allowed to attached to vitronectin for 15 
min. The ratio of active Rac (RhoGTP) to total Rac was determined. The dat.a also shows 
migration on vitronectin of GFP or V12Rac transfected endothelial cells treated with 
medium or 250 nM dibutyryl cAMP or co-traiisfected with PKAcat. The data shows CAMs 
stimulated with bFGF were transfected 24 hrs later by placiag 4jj.g pcDNAA''5/His dnPKA 
or Nl-GFP expression plasmid on CAMs. CAMs were treated on the same day with saline 
or anti-a5j31 antibodies. CAMs were harvested 48 hrs later. Blood vessel branch points 
were quantified. Data herem also shows CAMs stimulated with bFGF, treated with saline 
or 250 fiM cAMP or transfected by placing 4|Lig pcDNAA^5/His PKAcat or Nl-GFP 
expression plasmid on stimulated CAMs. 

Data herein shows one embodiment where PTHrP inhibits angiogenesis in vivo and 
endotheUal cell migration in vitro. For instance, the data shows CAMs stimulated with 
saline or bFGF and treated 24 hrs later with (a-b) 1 |iiM PTHrP (1-173), calcitonin and 
caldtonin gene related p^tide (CGRP). Further data herein shows blood vessel branch 
points +/- S.E.M. above background. The data also shows cryosections of CAMs were 
immunostained with LM609, an anti-ovps antibody, and immunoreactive vessels per lOOx 
microscopic field were quantified and photographed for each treatment. The data 
additionally shows CAMs stimulated with bFGF and treated 24 hrs later with saline, 1 ]iM 
PTHrP (1-173) or 1 ^M PTHiP in combination with 25 ng/ml PTHrP function blocking 
antibody 8BI2 or conteol antibody. Blood vessels branch points +/- S.E.M. above 
background and representative CAMs photographed at lOx . Data herein shows growth 
factor-depleted matrigel containing purified bFGF (1 |J.g/ml) and 1 \jM PTHrP or calcitonin 
was injected subcutaneously into 10 nude mice each. After three days, mice were injected 
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intravenously with the endothelial cell binding FYTC-Griffbnia {Bandeiraed) simplicifolia 
lectin and fluorescence intensity in lygates of matrigel plugs was deteraiined. The data show 
that mice bearing 30 nam^ PTHirP negative DU145 tumors were treated for ten days once 
daily with saline, FTHrP or a scrambled control peptide (1 final concentration). M 
particular, the data shows the average increase in tumor volume +/- S.E.M. over the 
treatment period. Also shown are cryMections immunostained for expression of vascular 
antigen CDS 1 and DNA. ImmmiDreactive vessels were quantified and photographed. 
P<0.05 was determined by Student's t-test. 

The data herein shows one embodiment where angiogenesis and tumor growth is 
hihibited by PTHrP gene delivery. For example, the data shows chicken embryos bearing 
CAMs stunulated with bFGF or VEGF were injected with adenoviruses expressing Green 
Fluorescent Protein (GFP) or full length PTHrP. In particular, the data shows blood vessels 
branch poiats +/- S.E.M. above background. Cryosections of treated CAMs were 
immunostained with anti-PTHrP antibodie. PTHrP positive blood vessels were observed. 
The data shows cryosections of bFGF stimulated CAMs were immunostained with anti- 
avP3 antibodies, hmnunoreactive vessels per lOOx microscopic field were quantified and 
photographed for each treatment. The data shows growth factor-depleted matrigel 
containing purified bFGF (lj.ig/ml) and PTHrP or GFP expressing adenoviruses was 
injected subcutaneously into 10 nude mice each. After three days, mice were injected 
intravenously with the endothelial cell binding FITC-Griffbnia (Bandeiraea) simpUcifblia 
lectin and fluorescence intensity in lysates of matrigel plugs was determined. The data 
shows chicken embryos with CAMs bearing 50 mg firagments of DU145 prostate carcinoma 
tumors (expressing low levels of endogenous PTHrP) were iajected with adenoviruses 
expressing Green Fluorescent Protein (GFP) or fiill length PTHrP. In particular, the data 
shows tumors were excised, weighed and photographed at lOx magnification after seven 
days of growth. The data also shows cryosections of tumors fi'om samples immunostamed 
with anti-avpS antibodies, hnmunoreactive vessels per lOOx microscopic field were 
quantified and photographed for each treatment, and P<0.05 was determined by Student's t- 
test. 

Data herein also shows one embodiment where the N-terminal 34 amino acids of 
PTHrP inhibit endothelial cell migration in vitro and angiogenesis in vivo. For example, the 
data shows that endothelial cell migration and attachment to vitronectin in the presence of 
buffer, 25 p,g/ml anti-avpS, IjiM PTHrP, 1 ^lM calcitonin or 1 CGRP was determined. 
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The efieet of migration bujBEer, 25 ng/ml anti-ocvps, 1 PTHrP 1-141, 1-86 and 1-34, as 
well as 1 jiM calcitonin on etidothelial cell migration or attachment to vitronectin was 
determined. The data shows CAMs stimidated with bFGF and treated 24 hrs later with 
saline, l|uM PTHrP fi:agments 1-141, 1-86 and 1-34 and calcitonin. Blood vessels branch 
points were counted 48 hrs later at 30x. P<0.05 was detemuned by Student's t-test 

Data heiredn also shows one embodiment where PTHrP amino acids 1-10 are 
sufficient to inhibit endothelial cell migration in vitro and angiogenesis in vivo. For 
mstance, the data shows the effect of migration buffer, 25 \ig/m[ anti-trvpS, l^iM PTHrP 1- 
34, 1-10, 15-34 and scrambled 1-10, as well as 1 calcitonin on endotheUal cell 
migration vitronectiti was determiaed. Also shown is that CAMs stimulated with bFGF and 
treated 24 bi-s later with saline, IjxM PTHrP 1-10, scrambled 1-10 and 1-34, Blood vessels 
branch points were counted 48 hrs later at 3 Ox. The data shows growth factor-depleted 
matrigel containing purified bFGF (iM-g/ml) and saline, 1 jxM PTHrP 1-10 or 1 jxM PTHrP 
scrambled 1-10 was injected subcutaneously iato 10 nude mice each. After three days, mice 
were injected intravenously with the endothelial cell binding FITC-Griffonia (Bandeiraea) 
sunpHcifoha lectin and fluorescence intensity in lysates of matrigel plugs was determined. 
The data shows CAMs stimulated by bFGF, VEGF, IL-8 or TlsfFa were treated with saline 
and a range of concentrations of PTHrP 1-34 extending from 0.001-10 jj,M. Blood vessels 
branch points were counted at SOX. Percent inliibition of saline control was determined. 
P<0.05 was determined by Student's t-test. 

The data shows one embodiment where PTHrP inhibits migration by blocking Rac 
activation in a VKA dependent manner. For example, the data shows protein kinase A 
activity in endothelial cells stimulated by culture medium, 10 |xM PTHrP or 250 pM 
dibutjoyl cAMP deteonined using a colorimetric assay kit. Specific activity is expressed as 
percent of total PKA that can be directly activated by cAMP in cell lysates. PKA values for 
0-30 minute exposure times were determined. The data shows endothelial cell migration on 
vitronectin was evaluated in the presence of culture medium, anti-avP3, PTHrP (1-34), the 
protein kinase A mhibitor, H89, and PTHrP combmed with H89. The data shows the effect 
of a mutationally inactive form of PICA (dnPKA) on the inhibition of cell migration on 
vitronectin by PTHrP, a scrambled peptide control and cAMP was determined. The data 
shows the effect of PKA activation by cAMP or by transient transfection witli the PKA 
catalytic subumt (PKAcat) on endothelial cell migration on vitronectin was detennined. 
The data also shows Western blots of lysates of GFP, dnPKA, and PKAcat transfected cells 
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incubated in anti-V5 tag and anti-GFP antibodies to detect expression of the transgeiies. 
The data shows Rac activity measured by a PAK affinity pulldown assay in endothelial cells 
treated with culture medium or PTHrP and in cells transfected wifli activated PKA or GEP. 
The data further shows endothelial cells expressing mutationally active Rac (V12 Rac, +) or 
GEP (-)treated with culture medium, PTHrP or cAMP prior to evaluating cell migration on 
vitronectin. The data additionally shows endothelial cells transfected with PKAcat, V12 
Rac + PKA cat, GFP or V12 Rac + GFP. Forty-eiglit brs later, cell migration on vitronectin 
was evaluated. 

The data shows one embodiment where PTHrP mediated inhibition of angiogenesis 
is protein kinase A dependent. In particular, the data shows CAMs stimulated with bFGF or 
saline and treated 24 hrs later with saline, l^M PTHi-P 1-34, 480 nM H89, or l^M PTKbrP + 
480 nM H89. The data shows CAMs stimulated with bFGF or saline and treated 24 brs 
later with 4 ^g pcDNAA^5 tagged GFP DNA, or PTHrP + 4 ^g pcDNAA^S tagged GFP 
DNA, 4 \ig pcDNAVS tagged dnPKA DNA, or PTHrP + 4 pcDNA/V5 tagged dnPKA 
DNA. The data shows CAMs stimulated with bFGF, VEGF or saline (PBS) and treated 24 
hi-s later with saline (-) or 250 dibutyryl cAMP (+). The data shows CAMs stimulated 
with bFGF or saline and treated 24 hrs later with saline, 4 ng pcDNAVS tagged PKAcat or 
4 Jig pcDNAVS tagged GFP DNA. Blood vessels branch points were counted 48 hrs later at 
30x. P<0.05 was determined by Student's t-test 

The data siiow one embodiment where fibronectin and integrin aSpl support 
endothelial cell survival. The data shows seram-starved HUVECs maintained in suspension 
(SUS) or on fibronectui (Fn), poly-L-lysine (PUS) or collagen (COL)-coated plates, hi 
particular, the data shows the percentage of Annexin V positive cells determined from 0-8 
hrs. Cell lysates prepared after 4 hrs of attachment were immuuDblotted to detect intact 
(116 kDa) and cleaved PARP (85 kDa). The ratio of intact to cleaved PARP was 
detennined by daisitometry. Soluble DNA extracted from cells attached to PLL, Fn or COL 
was electrophorescd on 1.6% agarose gels. Relative DNA cleavage was determined by 
densitometry. The data show HUVECs plated on fibronectin, anti-a5|31 or control antibody- 
coated plates, hi particular, the data shows the percentage of Annexin V positive cells was 
determined from 0-8 hrs. Data herein shows cell lysates iiranunoblotted to detect intact and 
cleaved PARP. DNA fragmentation was evaluated as disclosed elsewhere herein. 

Data herein also shows one embodiment where that integrin a5j31 supports 
endothelial cell survival during angiogenesis in vivo. The data shows bFGF stimulated 
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CAMS treated for 24 hrs "with saline, anti-aSpi, antinivpS and control antibodies. CAMs 
were theai injected with 50 ]lI FTTC-Aniiesxin V, harvested 2 hrs later and analyzed directly 
by confocal microscopy. Green pixels present per optical section were quantified. Treated 
CAMs were cryosectioned and immimostained with anti-cleaved caspase 3 (green) and anti- 
vWF (red). Cleaved caspase 3 positive blood vessels were yellow. The data shows 
individual cells isolated &om CAMs treated as discussed above were stained with FTTC- 
Aimexin V. SoliAle DNA isolated from CAMs treated as discussed was electrophoresed on 
1.6% agarose gels. Molecular weight markers were 1 kb DNA ladders. The data shows 
relative DNA cleavage determined by densitometry. 

The data also shows one embodiment where unligated integrin aSpl regulates 
endotheUal cell survival. Serum starved or serum cultured HUVECs were plated on poly-L- 
lysine, fibronectin, vitronectin, or collagen coated culture plates in the absence or presence 
of anti-aSpl, anti-avps, anti-a2pl antibodies. After 1 hr, cell attachment was determined. 
After 24 hrs, the percentage of FITC-Annexin V positive cells was determined. HUVECs 
plated on vitronectin coated plates in the presence of function blocking anti-a5pl or control 
antibodies were collected at regular intervals from 0-8 hrs and PARP cleavage assessed by 
Western blotting. Relative PARP cleavage levels were detemained by densitometry. 

Data herein also shows one embodiment where unligated integrin a5pi induces 
caspase 3 and 8, but not 9, activation. HUVECs were plated on fibronectin, vitronectin or 
poly-L-lysine (PLL) coated culture plates in the presence of anti-aSpi antibodies and 50 pM 
z-DEVP-fink (caspas©-3) or z-IETD-fhik (caspase-8) inhibitors or vehicle control (0.33% 
DMSO) for 24 hrs. The percentage of Amiexia V positive cells was determined. Caspase 3 
and 8 activities were determined in HUVECs plated on vitronectin (VN), or poly-L-lysine 
(PLL) coated plates in the presence of culture medium, antinxSpi or control antibodies for 1 
hr. Cell lysates were immunoblotted with anti-caspase 3 and anti-cleaved caspase 3 
antibodies. Relative caspase 3 cleavage was determined by densitometry. Cell lysates were 
immunoblotted with anti-caspase 9 and anti-cleaved caspase 9 antibodies. 

Data herein additionally shows one embodiment where integrin antagonists induce 
caspase 3- and 8 -dependent apoptosis in vivo. CAMs stimulated with saline or bFGF were 
treated with 2.5% DMSO (vehicle control), anti-a5pl, or anti-a5pi with 500 laM caspase 3 
or caspase 8 inhibitors. CAMs stimulated with saline or bFGF were treated with saline 
containing 2.5% DMSO, auti-avP3, or anti-avpS with 500 1.1M caspase 3 or caspase 8 
inhibitors. Blood vessel branch points were counted after 48 hrs. 
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Data herein also shows one embodiment where cell death induced by unligated aSpi 
is blocked by inhibitors of PKA. In particular, PKA activity was measured m HUVECs 
adached to poly-I^lysiae, jSbronectin or vitronectin in the presence or absence of integrin 
antagonists. HUVECs were plated on vitronectin or poly-L-lysine (PLL) coated culture 
plates m the preseoce or absence of anti-a5j31 or antinivps antibodies, a selective PKA 
inhibitor (1 liM HA1004), or anti-integrin antibodies in combination with 1 juM HA1004. 
After 24 hrs, the percentage of FITC-Annexin positive cells was determined. Cell lysates 
were immunoblotted with anfi-caspase 3 and anti-cleaved caspase 3 antibodies. Relative 
caspase 3 cleavage was determined by densitometry. 

Data herein shows one embodiment where PKA negatively regulates integrin 
mediated cell survival. For instance, HUVECs transfected with GFP (-) or a mutationally 
mactive PKA (dnPKA, +) were plated on fibronectin, vitronectin, collagen, or poly-L-lysine 
(PLL) coated plates in the absence or presence of anti-aSpi , anti-avp3, or anti-a2pi . Serum 
cultured cells were plated on fibronectin and vitronectin while serum-starved cells were 
plated on collagen. After 24 hrs, the percentage of Annexin V positive cells was 
determined. HUVECs treated witli cultiu-e medium or dibutyryl cAMP (250ixM) and 
HUVECs transfected with GFP or flie catalytic subunit of PKA (PKAcat) were plated on 
vitronectin (Vn), or poly-L-lysine (PLL) coated plates. After 24 hrs, the percentage of 
Annexin positive cells was deteamined. Expression of transgenes was detected by Western 
blotting cell lysates with anti-GFP or anti-V5. 

Data herein shows one eoiibodiment where PKA inhibits augiogeaesis by inducing 
apoptosis. CAMs stimulated with bFGF were transfected 24 hrs later by placing 4|j.g 
pcDNAA/ 5/ffis dnPKA or Nl-GFP expression plasmid on CAMs. CAMs were treated on 
the same day with saline or anti-aSpl antibodies. CAMs were harvested 48 hrs later. Blood 
vessel branch pomts were quantified. CAMs stimulated with bFGF were treated with salme 
or 250 liM cAMP or weie transfected by placing 4\ig pcDNAA^SMs PKAcat or Nl-GFP 
expression plasmid on stimulated CAMs. Detergent lysates prepared fi-om freshly excised 
CAMs were mimunoblotted for expression of caspase 3 and cleaved caspase 3. Caspase 3 
cleavage was quantified by densitometry. 

DETAILED DESCRIPTION OF THE INVENTION 

The mvention relates to methods for detecting and inhibiting angiogenesis, cell 
migration, cell adhesion, and/or cell survival in endothelial and non-endothelial ceUs as well 
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as in normal and tumor cells. The invention further relates to methods for screening test 
compounds for their ability to inhibit angiogenesis, cell migration, cell adhesion, and/or cell 
survival. 

Exemplary compositions and methods of the present invention are described in more 
detail in the following sections: I, Inhibiting angiogenesis, cell migration, and/or cell 
adhesion; II. inducing apoptosis; HI. Screening compounds; IV. Exeanplary agents; and VI. 
Phadcmaceutical formulations, administration routes, and dosing considerations. 

The following exemplarily embodiments primarily focus on methods and 
compositions for inhibition integrin aSpi ligation and for activating PKA. The present 
invention is not, however, intended to be limited to providing therapeutic compositions and 
methods for modulating undesirable modulating angiogenesis, cell migration, cell adhesion, 
and/or cell survival as practiced in the following specific embodiments. Indeed, one skilled 
in the art will recognize the broad applicability of the compositions and methods described 
in tiie present invention, including the specific example and embodiments presented, for the 
modulating undeskable cellular migration, modulating angiogaiesis, cell migration, cell 
adhesion, and/or cell survival more genei-aily. 

L Inhibiting angiogenesis, c«U migration, and/or cell adhesion 

"Angiogenesis," or neovascularization, is flie process by which new blood vessels 
develop fi-om pre-existing vessels. {See e.g., lA. Vamer a/., Angiogen., 3(l):53-60 
(1999); Mousa et al, Angiogen. Stim. Miib., 35:42-44 (2000); Kim et al, Amer. J. Path. 
156:1345-1362 (2000); Kim etal, J. Biol. Chem., 275:33920-33928 (2000); and Kumar et 
al., Angiogenesis: From Molecular to Integrative Pharm. 169-180 (2000)). Endothelial cells 
fi:om pre-existing blood vessels or fi^m circulating endothelial stem cells (Takahashi et al , 
Nat. Med., 5:434-438 (1995); and Isner et al, J. Clin. Invest, 103:1231-1236 (1999)) 
become activated to migrate, proliferate, and differentiate into structinres with lumens, 
forming new blood vessels, in response to growth factor or hormonal cues or hypoxic or 
ischemic conditions. During ischemia, such as occurs in cancer, the need to increase 
oxygenation and deUvery of nutrients apparently induces the secretion of angiogenic factors 
by the affected tissue; these factors stimulate new blood vessel formation. The level of 
angiogenesis maybe determined using methods well known in the art, including, without 
limitation, counting the number of blood vessels and/or tiie number of blood vessel branch 
points as disclosed- herein. An alternative assay involves an in vitro cell adhesion assay that 
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shows whetho: a compound inhibits the ability of integrin alplia 4 beta l-expiessing ceils 
(e.g. M21 melanoma cells) to adhere to VCAM or fibronectin. Another in vitro assay 
contemplated includes the tubular cord formation assay which shows growth of new blood 
vessels at the cellular level (D. S. Grant et al., Cell, 58: 933-943 (1989)). Art-accepted in 
vivo assays are also known, and involve the use of various test nniTnaTR such as chickens, 
rats, mice, rabbits and the like. These in vivo assays include the chicken chotiballaDtoic 
membrane (CAM) assay which maybe used to show anti-aagiogenic activity in both normal 
and neoplastic tissues (D. H. Auspnmk, Amer. J. Patli,, 79, No. 3: 597-610 (1975) and L. 
Ossonowski aud E. Reich, Cancer Res., 30: 2300-2309 (1980)). Other in vivo assays 
include the mouse metastasis assay, which shows the ability of a compound to reduce the 
rate of growth of transplanted tumors in certain mice, or to inhibit the formation of tumors 
or preneoplastic cells in mice which are predisposed to cancer or which express 
chemically-induced cancer (M. J. Humphries et al. Science, 233: 467-470 (1986) and M. J. 
Humphries et al., J. Clin. Invest., 81: 782-790 (1988)). 

The term " migration" as used herein refers to the translocation of a cell across one 
or more components of the extracellular matrix (e.g., JSbronectin, collagens I-XVni, 
laminin, vitronectin, fibrinogen, osteopontin, Dei 1, tenascia, von Willebrands's factor, etc.), 
and/or along the surface of another cell {e.g., another endothelial cell, fibroblast cell, stromal 
cell, tumor cell, etc.). Methods for determining cell migration are known in the art, and are 
also disclosed herein. 

The term "adhesion" when made in reference to a cell refers to binding of the cell to 
one or more molecules, such as to components of the extracellular matrix {e.g. , fibronectin, 
collagens I-XVHI, laminin, vitronectin, fibrinogen, osteopontin, Del 1, tenascin, von 
Willebrands's factor, etc.), to one or more ligand which is expressed on the cell surface (e.g. , 
VCAM, ICAM, LI-CAM, VE-cadherin, integrin alpha 2, integrin alpha 3, etc.) and/or to 
another cell (e.g., endothelial cell, fibroblast ceil, stomal cell, tumor cell, epithelial cell, 
etc. ). Such measurement may be accomplished using methods described herein and known 
in the art. 

A. Unligated integrlns and activation of protein kinase A 
Preferred embodiments of tlie present invention show that integrin ligation 
transduces signals that promote cell survival, proliferation and migration, however, 
unhgated integrins transduce signals that negatively regulate cell proliferation and survival 
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(e.g., activation of PKA). To thus examine the roles of integrins in the regulation of PKA 
activity in nonnd cells {e.g., endothelial cells) and tumor cells (e.g. , lymphoma, leukemia, 
and carcinomas, aad the like), certain embodiments measured PKA levels in attached and 
suspended cells as a function of time. The present invention shows that integrin ligation 
suppresses PKA. Conversely, the present invention also shows that inhibition of integrin 
ligation rapidly activates PKA, and that cell detachment fiom the ECM also rapidly 
activates PKA. In some of these anbodiments, high levels of PKA activity were observed 
as little as 2 mdn after cell detachment and were maintained for up to six hours after 
detachment. In contrast, cell re-attachment rapidly suppresses PKA activity, with little PKA 
activity detectable after one hour of attachment. In some embodiments, exposure to cell 
penneable cAMP similarly activates PKA in normal {e.g., endothehal cells) and cancerous 
cells attached to ECM proteins. 

Although the present invention is not limited to any particular mechanism and an 
understanding of the mechanism is not necessary to practice the present invention, the 
present invention contemplates that PKA is activated by the binding of a cAMP molecule to 
each regulatory subunit, leading to the dissociation of the (activated) catalytic subunit. 
Cyclic AMP in turn is produced by adenylyl cyclases, which are regulated by stimulatory 
and inhibitory heterotrimeric G proteins. For example, one Gai-liiiked receptor associated 
with integrins is CD47. Since CD47 regulates integrin avP3 function, some embodiments of 
the present invention contemplate that mtegrin a5pl regulates avp3 function by modulating 
the activity of CD47. Moreover, still furfher embodiments of the present mvention 
contemplate that inhibition of integrin aSpi blocks CD47 function, leading to the activation 
of PKA and mhibition of av specific cell migration. 

In some preferred embodiments, the present invention provides methods and 
compositions for inhibition of integrin ligation comprising administering auti-integrin 
antibodies to a subject. In some of these embodiments, diese antibodies selectively block 
cell attachment to ECM protems thus activating PKA. For example, inhibition of cell 
attachment to vitronectin by integrin avp3 antagonists, cell attachment to fibronectin by 
integrm aSpi antagonists, or cell attachment to collagen by integrin a2pl antagonists 
activates PKA. However, mhibition of integrin a5|31 function in endothelial cells attached 
to vitronectin also stimulates PKA activity even though cell attachment to this provisional 
ECM protein is not affected by a5pl inhibition, hi contrast, uihibition of a5pl does not 
activate PKA in cells attached to collagen, hitegrin aSpi is a receptor for fibronectin, a 
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provisional matrix protean secreted by proliferating endothelial cells in vitro and during 
angiogenesis in vivo. These results suggest that integrin aSpi regulates PKA activation in 
liie context of cell attachment to provisional matrix proteins. Ligation of integnn aSpl is 
required to suppress PKA activation in cells attached to provisional matrix proteins, but not 
in cells attached to non-provisional matrix proteins. Together, these results also indicate 
that integrin ligation suppresses PECA activation. 

In still other embodhnents, antagonists of aSpi not only activate PKA but also 
inhibit endothelial cell migration on vitronectin without impacting cellular attachment to 
vitronectin, lii contrast, integrin avp3 antagonists block migj-ation and adhesion to 
vitronectin, while antibodies against integrin a5pl have no effect on cell attachment or 
migration on vitronectin. The present invention also contemplates that antagonists of a5pl 
block cell niigi-ation but not adhesion on other provisional matrix protein ligands for avP3 
such as Del-1 (See, K. Penta et al, J. Biol. Chem., 274:11101-11109 (1999)) and 
proteolyzed collagen {See, B.P. Ehcieri andD.A. Cheresh, I Clin. Invest., 103:1227-1230 
(1999)). hi contrast, integrin aSpl antagonists do not block endothelial cell migration on 
non-provisional matrix proteins such as collagen or laminin. Inqjortantly, the ability of 
a5|3 1 to regulate cell migration on provisional matrix proteins is not restricted to endothelial 
cells, hideed, the present invention shows that integrin aSpi regulates migration of most 
cells, mcluding normal endothelial cells, fibroblasts, as well as breast, prostate, melanoma 
and other tumor cells on provisional matrix proteins. 

Cell migration requires the formation of stress fibers and lamellipodia. {See e.g., J. 
Padmanabhan et al., J. Neurobiol., 39:407-422 (1999)). Thus, some embodiments of the 
present invention are directed to determining the effects of mtegrin antagonists on stress 
fiber formation in endotheUal cells. Endothehal cells attached to vitronectin in culture 
medium or in the presence of anti-integrin a2pl antibody antagonists rapidly spread, 
polarize and make stress fibers, hi contrast, endothelial cells attached to vitronectin in the 
presence of a5pi antagonists exhibit apancake-hke morphology. These cells lack stress 
fibers, as well as pseudopodia, and thus exhibit no polarization. These results' suggest that 
integrin a5pl indirectly regulates the ability of mtegrin avp3 to promote the actin assembly 
events required for cell migration. 

Since mtegrin uSpl antagonists activate PKA but inhibit cell migration on 
vitronectm, still further embodiments of the present nivention tested the role of PKA in cell 
migration by evaluating the effects of mutationally mactive and active forms of PKA on cell 
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migration. PKA. activation induced by inhibition of cell attaclment (e.g., suspension 
culture) or by cell-penneable cAMP is completely suppressed by expression of a 
miitationally inactive PKA construct (dnPKA), a regulatory subunit that fails to release the 
catalytic subunit i^on exposure to cAMP25 . Seventy to eighty percent of cells were 
routinely transfected in the studies, as monitored by quantifying the number of GFP oo- 
transfected cells. In preferred embodiments, protein expression of dnPKA in transfected 
endothelial ceUs was verified by Westem blotting. In yet other embodiments, mutationally 
inactive PKA overcame the inhibition of migration on vitronectin induced by aSpi 
antagonists in endothelial cells and tumor cells. Similar efiects were seen for migration on 
proteolj^ed collagen, another provisional matrix protein. Therefore, the present invention 
shows that PKA mediates the indirect inhibition of cell migration on vitronectin by aSpl 
antagonists. 

Still further studies show that when more than one integrin mediates cell migration 
on a single ECM substrate, inhibition of one of these integrins can activate PKA and thereby 
partially suppress cell migration. For example, integrin avps antibodies partially inhibit cell 
migration on vitionectin. In some embodiments, the present invention contemplates that 
this inhibition can be reversed by dnPKA. As integrins avP3 and avp5 both contribute to 
cell migration on vitronectin it is possible that PKA activated by antagonized avp5 partially 
suppresses cell migration mediated by avp5. Therefore, fiirther studies are directed to 
determimng \\^e1her inhibition of cell migration on vitronectin by avp5 antibody 
antagonists could also be reversed by dnPElA. Indeed, in some embodiments, the 
expression of dnPKA did reverse the inhibition of cell migration induced by ccvps 
ant^onists. However, dnPKA could not suppress the combined inhibitory effects of avps 
and avp3 antibodies on cell migration as endothelial cells cannot attach to the substratum in 
the presence of inhibitors of both av integrins. Similarly, inhibition of cell migration on 
collagen by integrin a2pl antagonists is not be reversed by dnPKA, as a2pl is the only 
receptor for collagen on endotheUal cells. The present mvention contemplates that unhgated 
or antagonized integrins activate PKA and that activated PKA mhibits cell migration 
without inhibituag cell attachment. The present invention fiuiher contemplates that PKA 
activation by integrin antagonists suppresses cell migration even in ECM attached cells. 

Present studies indicate that inhibition of integrin hgation activates PKA and blocks 
ceil migration. Furthermore, inhibition of PKA permits cell migration in the presence of 
certain integrin antagonists. These results show ttiat direct activation of PKA by cell 
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permeable cAMP or by expression of activated PKA inhibits cell migration. In fact, 
preferred embodiments of the present invention show that e3q)ression of the catalytic subunit 
of PKA in endothelial cells blocks cell migration on fibronectin, vitronectin, and coUagen. 
In some embodiments, expression of tiie transgene was verified by Western blotting. 
Similarly, the present invention also shows that exposure of cells to cAMP inhibits 
endothelial cell migration. In yet other embodiments, the present invention contemplates 
that tumor cell migration on fibronectin, vitronectin, or collagen is inhibited by expression 
of the catalytic subunit of PKA and by cell permeable cAMP. Accordingly, the present 
invention shows that the effects of cAMP on cell migration are PKA-dependent, as 
expression of dnPKA prevents the inhibitory effects of cAMP on endothelial cell migration. 

As cell migration requires stress fiber and lamellipodia formation, as well as cell 
polarization, the present invention further examined the role of PKA in these processes. In 
one embodunent, endothelial cells transfected with GFP reporter vectors formed stress 
fibers and were polarized on vitronectin in the presence of control antibodies, but were flat, 
round and without stress fibers in anti-a5pl treated cells. In contrast, cells expressing 
dnPKA and treated with anti-aSpi re-acquired the ability to form stress fibers and polarize. 
Cells expressing ttie active PKA catalytic subunit or treated with cell permeable cAMP were 
round and exhibited few stress fibers. Accordingly, preferred embodiments of tlie present 
invention provide compositions and methods for activating PKA comprising administering 
integrin antagonists, or inducing the overexpression of active PKA or cAMP in a subject 
such that stress fiber formation and/or cellular polarization is suppressed. 

The small GTPase Rho regulates stress fiber formation, (See e.g., J Padmanablian et 
al, J. NeurobioL, 39:407-422 (1999); and X.D. Ren et al, EMBO J„ 18:578-585 (1999)). 
The present invention contemplates that cellular detachment from the ECM activates Rho 
while adhesion to die ECM briefly suppresses Rho activity. This brief Rho suppression is 
required for the formation of stress fibers. Therefore, additional embodiments of the present 
invention are directed to determining die effect of anti-aSpi antagonists {e.g., antibodies) on 
the activity of Rho in endothelial cells attached to vitronectin. EndotheUal cells briefly 
suppress Rho after 15 min of cell attachment to vitronectin. However, in some 
embodiments, in the presence of inhibitors of aSpi, the brief suppression of Rho activity is 
eliminated. Riio activity remains higher for several hrs in anti- aSpl treated cells than m 
control treated cells. Rho hyperstimulation plays an important role in a5j31 antagonists 
inhibiting cell migration on vitronectin by. In still further embodiments, the inhibition of 
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cell migration mediated tjy oSpi antagonists (e.g., antibodies) is nearly completely reversed 
by expression of mutationally inactive Rho ie.g., N19Elio) in endothelial cells and in tumor 
cells. la contrast, in other embodiments, expression of constitatively active Rlio 
V14Rho) suppresses migration of both endothelial cells and tumor cells. The expression of 
both transgenes is demonstrated by Western blotting the lysates ftom endothelial cells and 
tumor cells. In preferred embodiments, the expression of constitutively active Rho inhibits 
stress fiber formation, while expression of mutationally inactive Rho restores stress fibers 
and polarization to cells treated with integrin a5pl antagonists. Interestingly, other recent 
studies show that hi^ levels of active Rho suppress stress fiber formation and cell 
spreading in undifferentiated embryonic mesenchymal cells. (See e.g., B. Beqaj et al,i. 
Cell Biol., 156:893-903 (2002)). Rho activity declines as smooth muscle cells differentiate 
from mesenchymal cells; however, expression of constitutively active Rho suppresses cell 
spreading, stress fiber formation and differentiation. Although the present invention is not 
limited to any particular mechanism and an understanding of the mechanism is not 
necessary to practice the present invention, the present invention contemplates that the 
hyperactivation of Rho inhibits cell migration by inhibiting stress fiber formation. 
Accordingly, preferred embodiments of the present invention provide compositions and 
methods for hyperactivating Rho in a subject. 

As cell motility is also regulated by the small GTPase Rac {See, WB. Kiosses et al, 
Nat. Cell Biol., 3:316-320 (2001); and L. KjoUer and A. HaU, J. Cell Biol., 152:1145-1157 
(2001)), still other embodiments provide studies of the effects of integrin antagonists (e.g., 
a5|31) on Rac activation. Rac normally is rapidly activated upon cell attachment to the 
ECM. For example, endotheUal cells activate Rac after as little as 30 mdn of attachment to 
vitronectin. In contrast, in the presence of uitegrin antagonists {e.g., a5pl), Rac activation is 
inhibited. In tlie present invention, in some embodiments, inhibition of endotlielial or faimor 
cell motility by integrin antagonists is reversed by expression of constitiitively active Rac 
(V12Rac). In still some other embodiments, mutationally inactive Rac blocks cell 
migration. Expression of t ansgenes was verified by Western blotting. Indeed, the present 
invention further shows that expression of mutationally inactive Rac (NlTRac), but not 
active Rac (V12Rac), inhibits stress fiber formation. Expression of mutationally active Rac 
restores stress fibers and polarization to cells treated with integrin aSpi antagonists. These 
findings indicate that integrin antagonists (e.^. , a5pl) inhibit Rac, thereby blocking cell 
migration at least in part by inhibiting stress fiber formation and polarization. 
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The p21 activated Mnase (PAEC) is a substrate of Rac that regulates endothelial cell 
migration. {See e.g., WB. Kiosses et al, J- Cell Biol., 147:831-843 (1999)). hi fact, 
constitutively active PAK can partially reverse the inhibition of cell migration on vitronectin 
induced by integrin {e.g. , a5|31) antagonists, while nmtationally inactive PAK. suppresses 
cell migration. Taken together, Hiese results thus indicate tiiat aSpl antagonists inactivate 
Rac and PAK while hyperactivating Kho, thereby inhibiting cell migration. 

Since, in preferred embodiments aSpl antagonists activate PKA and hyperactivate 
Rho, the present invention contemplates that it is possible that once PKA is activated it 
activates Rho, thus blockitig normal {e.g., endothelial) and tumor {e.g., lymphoma) cell 
migration. The present invention shows tliat activating PKA in normal {e.g., endothelial) 
cells by cAMP, overexpression of PKAcat, and the Uke, hyperactivates Rho. Indeed, in one 
preferred embodiment, expression of mutationally inactive Rho {e.g., N19Rho) reverses the 
inhibitory effects of cAMP and PKA catalytic subunit on cell migration. The present 
mvention contemplates that, in certain embodiments, PKA suppresses cell migration in part 
by hyperactivating Rho thus preventing stress fiber formation. 

The present invention shows that integrin {e.g., aSpi) antagonists activate PKA, 
inhibit Rac activation, and block cell migration, thus in some embodiments the present 
invention contemplates that PKA inhibition of cell migration is Rac-dependent. In preferred 
embodiments, activation of PKA by either cell permeable cAMP or by overexpression of ihe 
catalytic subunit of PKA also inlnljits Rac. In still further preferred embodiments, 
expression of constitutively active Rac reverses the effects of PKA activation on cell 
migration. 

Data presented herein demonstrates tliat PKA regulates endothelial cell migration in 
vivo during angiogenesis. In one study, chick chorioallantoic membranes (CAM) were 
stunulated with bFGF and transfected with GFP or mutationally inactive PKA (dnPKA) 
expression plasmids. CAMs were then incubated in the presence and absence of anti-a5pl 
antibodies. Transgene expression was verified by immuiioblotting of CAM lysates and by 
immunohistochemical staining of cryosections of transfected CAMs. While aSpi 
antagonists significantly block angiogenesis, the mutationally inactive PKA partially 
reverses this inhibition. Similar results were observed with pharmacological PKA 
mhibitxjrs. {See, S. Kim et al, J. Biol. Chem., 275:33920-33928 (2000)). Since PKA plays 
a role in the negative regulation of angiogenesis by integrin antagonists, the present 
invention further investigated whether direct activation of PKA also inhibits angiogenesis. 
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la one embodiment, expressioii of the PKA. catalytic subunit during angjogenesis in vivo 
completely suppresses angiogenesis {P=0.0005), as does exposure of CAMs to cAMP. 
VEGF stimulated angiogenesis is also inhibited by activation of PKA. Thus, the present 
invention provides compositions and methods to activate PKA in a subject by integrin 
antagonists, cAMP, or overexpression of the catalytic subunit of PKA, and the Hke, thus 
inhibiting angiogenesis. i 

Altliough the present invention is not hmited to any particular mechanism and an 
understanding of the mechanism is not necessary to practice the present invention, the 
present invention contemplates that taken together, tbe numerous studies and embodiments 
of the present invention described herein show that unhgated integrins suppress migration of 
attached cells (e.g., normal cells and tumor cells) by activating PKA. PKA subsequently 
hyperactivates Rho and inhibits Rac activation, thereby preventing cell migration by 
inHbiting cell stress fiber formation and/or cellular polarization. Preferred enibodiments of 
the present invention show that integrin receptors for provisional matrix proteins regulate 
each other and that PKA activation plays an important role in this process. Other preferred 
embodiments show that PKA plays an important role in the negative regulation of cell 
migration both in vitro and in vivo. 

B. Parathyroid hormone and parathyroid related hormone and portions 
thereof 

In some preferred embodiments of the present invention, parathyroid 
hormone ("PTH") and/or closely related parathyroid related hormone ("PTHrP") are 
administered to a subject in an effective amount to activate PKA and to thus inhibit 
angiogenesis and/or cell migration. In particularly preferred embodiments, an effective 
amount of PTHrP is administered to a subject to inhibit (e.g., retard) undesirable 
angiogenesis and/or cell migration. In some other preferred embodiments, the present 
invention provides methods and compositions to prophylacticly administer an effective 
amoimt of PTH and/or PTHrP to prevent undesirable angiogenesis, cell migration, cell 
adhesion, and/or cell survival to a subject at risk for developing or progressing with a 
disease characterized by imdesirable modulating angiogenesis, cell migration, cell adhesion, 
and/or cell survival (e.g., cancer). The following non-limiting examples provide further 
details concerning specific therapeutic embodiments of the present invention contemplated 
herein. 
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To evaluate the role of PTHxP in blood vessel development, the inventors studied the 
effects of PTHtP on angiogeaesis in the chick chorioallantoic membrane (CAM). In one 
study, CAMS firam 10 day old chick embryos were stimulated with basic fibroblast growth 
factor (bFGF) in the presence or absence of 1 pM PTHrP (1-173) or two other peptide 
hormones, calcitonin (a calcium regulating p^tide hormone (See. RD. BukosM et al, 
Semin. Nephrol., 15:536-549 (1995)) and calcitonin gene related peptide (CGRP, a 
vasodilatory peptide hormone (R.D. BukosM et al, supra). The present invention shows 
that PTHrP inhibited angiogenesis whether analyzed by enumerating blood vessel 
branchpoints or by analyzing density of vessels positive for integrin ccvp3 (Gasparini, et al.) 
or von Willebrand factor (VWF). PTHrP, as well as CGRP and calcitonin, had no effect on 
the number, size or composition of pre-existing vessels, as determined by macroscopic 
evaluation of vessels in saline-stimulated CAMs or by examining the number and nature of 
vascTilar smooth muscle actin positive vessels in salme- and bFGF-stunulated CAMs. 
These studies indicate that PTHrP selectively prevents the formation of new microvessels in 
certain embodiments of the present invention. The half-maximal inhibitory dose of PTHrP 
was 0.01 iJ,M. This angiogenesis inhibition could be blocked by addition of an anti-PTHrP 
function blocking antibody (8B12), directed against amino acids 1-34. (See, R. Terkeltaub 
etal.. Arthritis and Rheumatism, 41:2152-64 (1998)). In other embodiments, PTEirP also 
blocked angiogenesis in the adult mouse, wMch was stimulated by subcutaneous injection of 
growth factor-depleted matrigel containing bFGF and IjiM PTHrP or calcitonia (P<0.001). 
These studies indicate that PTHrP functions as an angiogenesis inhibitor. 

The present invention fiirtlier contemplates that PTHrP also inhibits tumor 
angiogenesis and growth. For exaiiq)le, nude mice bearing 30 mm3 DU145 prostate 
carcinoma tumors (that did not express PTHrP) were treated with daily intravenous 
injections of PTHrP (final serum concentration 1\M), PTHrP, but not a scrambled control 
peptide, suppressed tumor growth and tumor angiogenesis. These studies indicate that 
PTHrP inhibits tumor angiogenesis as well as growth factor-induced angiogenesis. 

Additional embodiments of the present invention provide studies to determine if 
gene delivery of PTHrP is a useful strategy for the ther^eutic inhibition of angiogenesis in 
vivo, that that end, angiogenesis was stimulated in chick CAMs with either bFGF or 
vascular endothehal growth factor (VEGF). CAMs were then transduced by injecting 
adenoviruses expressing Green Fluorescent Protein (GFP) or flill length PTHrP (1-173) 
according to R. Teikeltaub et al, into the chick embryo circulation. (See, K Terkeltaub et 
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al. Arthritis and Rheumatiam 41 :2152-64 (1998)). ViraUy expressed PTHtP, but not GFP, 
inhibited angiogenesis stimulated by bFGF (P<0.001) or VEGF (P=0.01) as shown in by 
quantifying blood vessel branchpoints or integrin av|53 immunoreactive vessels. PTHrP 
expression was detected in blood vessels (arrows) in CAMs transduced with PTHrP but not 
in blood vessels transduced with GFP, using an antibody directed against PTHrP C-termioal 
amino acids 109-14128. hi additional embodiments, virally expressed PTHrP also inhibited 
angiogenesis in the adult mouse. In this case, angiogenesis was stimulated by subcutaneous 
injection of growth factor-depleted matrigel containing bFGF and GFP- or PTlirP- 
expressing adenoviruses. Viral delivery of PTHrP inhibited murine angiogenesis. Virally 
induced expression of PTHrP, but not GFP, in blood vessels also inhibited tumor growth on 
the CAM, showing that locally delivered PTHrP suppresses tumor angiogenesis. In 
preferred embodiments, PTHrP treated tumors are smaller, obviously necrotic and 
associated with fewer integrin avp3 positive blood vessels than GFP t'eated tumors. Thus, 
the present invention provides methods of vnally expressing PTHrP to inhibit angiogenesis. 

hi still further embodiments, the present invention provides studies to evaluate the 
role of PTHrP in endotheUal functions in vitro. For example, the present invention provides 
studies that tested the effects of PTBbrP (1-173) and other peptide hormones on endothelial 
cell migration on different extracellular matrix substrates, such as, vitronectin, collagen, and 
fibronectin. The present invention shows that PTHrP significantly inhibits endothelial cell 
migration on vitronectin, collagen, and fibronectin, yet had no effect on cell attachment to 
these matrix protems, hi a preferred embodiment, 50% inhibition of cell migration was 
achieved with PTHrP m the range of 1-10 |iM. Thus, some embodiments of the present 
invention contemplate the tibierapeutic administration of an effective amount (dose) of 
PTTirP hormone to a subject that inhibits endothelial cell migration, but that does not inhibit 
. integrin Ugation. 

PTHrP is composed of several domains with distinct physiological properties. {See 
e.g., L. Jin et al.,1. Biol. Chem., 275:27238-27244 (2000)). hi a preferred embodiment, the 
present invention identified the domain(s) of PTHrP responsible for the anti-migratory and 
anti-angiogenic by evaluating the effects of various fragments of the peptide hormone in 
migration and angiogenesis assays, hi preferred embodiments, these studies included 
analyzing PTHrP (1-173), fragments containing the N-terminus extending from amino acids 
1-141, 1-86, and 1-34 such that the invention shows effective amounts of PTHrP inhibits 
cell migration on ECM proteins, such as vitronectin, but does not inhibit cell attachment. In 
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Oilier embodimeatB, fragmoits lacking the N-terminus, such PTHxP 107-138, were not able 
to inhibit cell migration. In vivo, PTHrP 1-141, 1-86. and 1-34 potently inhibited 
angiogenesis stinmlated by bFGF. As the first 34 amino acids contain the angiogenesis 
iDhibition properties, further studies were performed to identify the critical residues 
responsible for angiogenesis inhibition. 

Iq particular, studies show that the first six amino acids of PTH are required for 
activation of PTH/PTHrP receptor signaling while the last fifteen are required for high 
affinity binding to the receptor. (See e.g., L. Jin et al, J. Biol. Chem., 275:27238-27244 
(2000)). Five out of the first ten amino acids in PTH and PTHrP are ideaitical and structure 
predictions indicate these regions have similar conformations. {See e.g,, M. Shimizu al, 
J. Biol. Chem., 275:21836-218343 (2000)). Therefore, to further delineate the active 
angiogenesis and cell migration inhibition sites on PTHrP, preferred embodiments of the 
present invention compared the activities of fragments of PTHrP extending fi:om amino 
acids 1-10, 1-34, and 15-34 to a scrambled 1-10 peptide. While amino acids 1-34 and 1-10 
were similarly effective in inhibiting cell migration on vitronectin, amino acids 15-34 and a 
scrambled version of 1-10 were unable to inhibit cell migration. . The N-tenninal PTHrP 
fragm^ent 1-10 inhibited cell migration in a dose-dependent manner, with a maximum of 
50% inhibition at a concentration of 10 |iiM. PTHrP MO and 1-34 were also effective in 
inhibitii^ angiogenesis in CAM assays, while sci-ambled 1-10 was not. PTHrP 1-10 is 
slightly less effective at inhibiting angiogenesis than 1-34, however, PTHrP 1-10 was also 
effective in inhibiting angiogenesis in a mouse matrigel model of angiogenesis while 
scrambled PTHrP 1-10 peptide was not. These studies indicate that, in some particularly 
preferred embodunents, the first ten PTHrP residues are unportant for activation of 
endothelial cell PTHrP receptor in vitro and in vivo. 

The present invention contemplates that angiogenesis is mducible by many naturally 
occurring growth factors such as vascular endothelial growth factor (VEGF), basic 
fibroblast growth factor (FGF), tumor necrosis factor (TNFa), and interleukin 8 (IL-8). 
Thus, in some embodiments, to determine if PTHrP is a general inhibitor of angiogenesis, a 
range of concentrations of PTHrP 1-34 extending from 0.001-10 [iM on angiogenesis 
stimulated in the CAM by bFGF, VEGF, IL-8 or TNFa was tested. Angiogenesis induced 
by each growth factor was inhibited by PTHrP (1-34), with complete inhibition occurring at 
1 nM. The ICso for each growth factor was 0.001 ^M or lower. Thus, in preferred 
embodiments, PTHrP is a potent general angiogenesis inhibitor. 
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Although an understaading of liie mechanism is not necessary to practice the present 
invention and the present invention is not so limited, certain embodiments of the present 
invention evaluated the effects of PTHrP on endothelial cell signal transduction to establish 
the mechanism by which PTHrP inhibits cell migration in vitro and angiogenesis in vivo. 
The present invention contemplates that like PTH, PTHrP interacts with the parathyroid 
hormone (PTH) PTHl receptor (a multiple membrane spanning G protein coupled cell 
surface receptor that activates proteui kinase A (See, A.B. Abou-Samra et al, Proc. Natl. 
Acad. Sci. U.S.A., 89:2732-2736 (1992); and S. Hoare et al, J. Biol. Chem., 276:7741-7753 
(2001)) and that is expressed on endothehal cells. {See, B. Jiang et al, J. Cardiovascular 
Pharmacol., S142-1444 (1998)). The present invention shows that PTHrP 1-34 as well as a 
cell pemeable form of cAMP (dibutyryl cAMP), rapidly stimulate PICA activity in 
endothelial cells, in some embodiments, PKA activation was detected in as little as 2 min, 
with maximal activity at 15 min after stimulation with bodi cAMP and PTHrP. Still other 
embodiments of the present invention are directed to deteiinining whether the anti- 
migratory properties of PTHrP result from signals transduced through protein krnase A. For 
example, the present invention evaluated the effects of PTHrP 1-34 on cell migration in the 
presence and absence of the protein kinase A inhibitor, N-(2-(p- 
bromocimamylaraino)e(hyl)-5-i5oquinoline sulfonamide (H89). The PKA inhibitor (48 
nM) blocked the anti-migratory properties of PTHrP. Furthermore, expression of a 
mutationally inactive form of PKA (dnPKA), which blocks PKA activation {See e.g. , A. 
Howe and R.J. Juliano, Nature Cell Biol, 2:593-600 (2000)) suppresses the PTHrP- and 
cAMP-mediated inhibition of endothelial cell migration. In fact, in some embodiments, 
directed activation of PKA by either cAMP or by transient transfection with the PKA 
catalytic subunit inhibits endothelial cell migration on ECM substrates. Expression of both 
tiansgenes was detected by Western blotting of lysates of transfected cells. These results 
indicate that PTHrP uihibition of migration is PKA. dependent and that activation of PKA 
blocks endothelial cell migration. 

The present invention contemplates the small GTPase Rac plays an essential role in 
regulating cell motility by influencing actin assembly and lamellipodia extension. (See e.g. , 
AJ. Ridley al. Cell, 70:401-410 (1992)). Cell adhesion as well as growth factor 
stimulation upregulate Rac activity in endothelial cells. (L.S. Price et al, Mol. Biol. Cell, 
9:1863-1871 (1998)). The present invention shows that activation of Rac is blocked by 
PTHrP, expression of activated PKA or by cAMP. Overexpression of mutationally active 
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Rac (V12 Rac) overcomes the PTHrP, cAMP or PKA catalytic subunit mediated inhibition 
of cell motility. Thus, in preferred embodiments, PTHrP activation of PKA inhibits cell 
migration by inhibiting Rac activation. 

The present invention contemplates that activation of PKA in vivo inhibits 
angiogenesis. Accordingly, some preferred embodimeats of the present invention are 
directed to evaluating the role of PKA in the inhibition of angiogenesis by PTHrP. In still 
other preferred embodiments, the present invention shows that either pharmacological or 
genetic inhibition of PKA reverses PTHrP inhibition of angiogenesis. For example, H89, a 
selective PKA inhibitor, blocks the suppression of angiogenesis induced by PTHrP 1-34. 
Likewise, expression of mutationally inactive PKA (doPKA) also iwerses the inhibitory 
effects of PTHrP. Furthermore, in yet other embodiments, activation of PKA by cAMP or 
by expression of the catalytic subunit of PKA in the CAM potently inhibits angiogenesis. 
Preferred embodiments of the present invention thus show that PTHrP inhibits angiogenesis 
by activating PKA. 

As mentioned above, several recent studies show that Rac activity is required for 
angiogenesis. (See e.g., O. Dormond et al. Nature Med., 7:1041-1047 (2001)). Taken 
together, in some embodiments, the present invention contemplates that these data show that 
activation of PKA in endothelial cells in vivo induces Rac inactivation and inhibition of cell 
migration in vivo. Moreover, the present invention fiirther contemplates tliat these studies 
data also show that activation of PKA by hormonal, pharmacological, or genetic means 
provides potent methods for inhibiting angiogenesis in normal (e.g. , endothelial) and tumor 
(e.g., lymphoma) cells. 

PTHrP is a peptide hormone with weU-described effects on vascular tone. Although 
PTHrP regulates vascular tone by relaxing vascular smooth muscle cells, the present 
invention shows that fliese properties have no role in the regulation of angiogenesis by 
PTHrP. For example, studies of smooth muscle actrn positive vessels ui growth factor- 
stimulated and unstimulated tissues show that the number, diameter and quality of smooth 
muscle actin positive vessels does not change during the course of the angiogenesis assays 
performed in our studies. Also, treatment of tissues undergoing angiogenesis with either 
PTHrP or CGRP, two vasodilatory hormones, has no effect on the number, size or diameter 
of smooth muscle actin positive vessels in these assays. The eJffects of PTHrP on 
angiogenesis are specific as neithea: CGRP nor calcitonin, two peptide hormones with 
related functions tliat are evolutionaiily well conserved, inhibit angiogenesis. 



-80- 



wo 2004/001384 



PCT/US2003/020041 



Furfeer, tiie present mvention contemplates tiiat PTHrP impacts tissue growth in 
multiple.ways. In cancer, for efxample, PTHrP simultaueously inhibits angiogenesis by 
acting directly on endothelial ceUs (as described above), while stimulating tumor cells to 
produce angiogenesis stimulators, hi bone, PTHrP inhibits angiogenesis, while stimulating 
chondrocyte proliferation. As an anti-angiogenic agent, the present invention contemplates 
tbat PTHrP is therapeutically useful if delivered at relatively high local concentrations. 
Preferred erabodimemts of the present invention provide adenovirally expressed PTHrP for 
the local administration of PTHrP as an effective strategy to inhibit angiogenesis and tumor 
growth. 

C. Expression and synthesis of peptides of interest 

In some embodiments, the present invention employs PTH, PTHrP and/or PKA 
cataljrtic subunits and portions thereof. In one embodiment, these peptides md portions 
thereof are expressed using encoding polynucleotide sequences. Exemplary polynucleotides 
encoding at least a portion of parathyroid hormone (PTH) and amino acid sequences 
encoded thereby (e.g., SEQ ID NOs: 1-44 and 112) contemplated for use in the methods of 
the present invention are Usted in Table 1 shown below. 



Table 1 



Parathyroid Hormone Accession Nos. 



E01147(SEQIDNO.6) 
D10292(SEQIDNO.7) 



J00301 (SEQ ID NOS. 15-16) 



A08526 (SEQ ID NO. 1) 

A08534(SEQIDNOS.2-3) 

M26143(SEQIDNOS.4-5) 



NM_000315 (SEQ ID NOS. 8-9) 



183610 (SEQ ID NO. 10) 
183607 (SEQ ID NO. 11) 
E04335 (SEQ ID NO. 12) 
A08533 (SEQ ID NO. 13) 
A08527 (SEQ ID NO. 14) 



AF251060 (SEQ ID NOS. 21-22) 
AF309967 (SEQ ID NOS. 23-24) 
NM_017044 (SEQ ID NOS. 25-26) 
AF130257 (SEQ ID NOS.27-28) 
AH0071 17 (SEQ ID NOS. 29-3 1) 
D10291 (SEQIDNO. 32) 
X05722 (SEQ ID NOS. 33-34) 
X12515 (SEQ ID NOS. 35-36) 
X12516(SEQIDN0.37) 
V00597 (SEQ ID NOS. 38-39) 
X05721 (SEQ ID NO. 40-41) 
K01268 (SEQ ID NO. 42-43) 
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J00300(SEQIDNO. 17) 


K01267 (SEQ ID NO. 44) 


NM_020623 (SEQ ID NOS. 18-19) 


NP_000306 (SEQ ID NO: 1 12) 


AF346654 (SEQ ID NO. 20) 





In a preferred embodiment, the PTH is exemplified by GenBank accession no. NP_000306 
(SEQ ID NO: 112). 

Exemplary polynucleotides encoding at least a portion of parathyroid hormone 
related protein (PTHrP) and amino add sequences encoded thereby ie.g., SEQ ID NOs: 45- 
73 and 113) contemplated for use in the methods of the present invention are listed in Table 
2 shown below. 



Table 2 



Parathyroid hormone-related protein Accession Nos: 


BM489067 (SEQ ID NO: 45) 
NM_008970 (SEQ ID NOS: 46-47) 
AY052416 (SEQ ID NO: 48) 
AY052415 (SEQ BONO: 49) 
AY052414 (SEQ ID NOS: 50-51) 
AF219973 (SEQ ID NOS: 52-53) 
AJ278119 (SEQ ID NOS: 54-55) 
AF197904 (SEQ ID NOS: 56-57) 
AF300703 (SEQ ID NOS: 58-59) 


AJ249391 (SEQ ID NOS 60-61) 
E02539 (SEQ ID NO: 62) 
E02538(SEQ1DNO: 63) 
U15593 (SEQ ID NOS: 64-65) 
M60057 (SEQ ID NOS: 66-67) 
M60056 (SEQ ID NOS: 68-69) 
M60058 (SEQ ID NOS: 70-71) 
M17183 (SEQ ID NOS: 72-73) 
NP_00281 1 (SEQ ID NO: 113) 



In a preferred embodiment, the PTHrP is exemplified by GenBank accession no. 
NP_002811 (SEQ ID NO: 113). 

Likewise, exemplaiy polynucleotides encoding at least a portion of a catalytically 
active PKA subunit and amino acid sequences encoded thereby (e.g., SEQ ID NOs: 74-111) 
contemplated for use in the methods of the present invention are shown below in Table 3. 
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Tables 



PKA Accession Nos. 



AJ297954 (SEQ ID NOS: 74-75) 
AJ297564 (SEQ ID NOS: 76-77) 
AJ431364 (SEQ ID NOS: 78-79) 
AJ413219 (SEQ ID NOS: 80-81) 
AJ413218 (SEQ ID NOS: 82-83) 
AY055783 (SEQ ID NOS: 84-85) 
U43906 (SEQ ID NOS: 86-87) 
AFl 81097 (SEQ ID NOS: 88-89) 
BG353008 (SEQ ID NO: 90) 



AF224719 (SEQ ID NOS: 93-94) 
AF224718 (SEQ ID NOS: 95-96) 
AJ243654 (SEQ ID NOS: 97-98) 
M34182 (SEQ m NOS: 99-100) 
X69806 (SEQ ID NOS: 101-102) 
X53261 (SEQ ID NOS: 103-104) 
M80335 (SEQ ID NOS: 105-106) 
M84336(SEQIDNO: 107) 



NM_002730 (SEQ ID NOS: 91-92) 



M84335(SEQIDNOS: 108-109) 
NM_008854.3 (SEQ ID NOS: 110-111) 



In a preferred embodiment, the PKA catalytic subunit is a raioine PKA catalytic subunit 
alpha as exemplified by GenBank accession no. NM_008854.3 (SEQ ID NOS: 110-11 1). In 
a more preferred embodunent, the PKA catalytic subunit is a human PKA. catalytic alpha 
sequence that has about 91% identity to the mouse sequence. Hiraian sequences are 
preferred when admimstered to human sxibjectes in order to reduce immune responses. 

Other embodiments of the present invention provide fragments, fusion proteins or 
functional equivalents of tliese proteins. In still other embodimeait of the present invention, 
nucleic acid sequences corresponding to PTH, PTHrP and/or PKA catalytic subunit variants, 
homologs, and mutants may be used to generate recombinant DNA molecules that direct the 
expression of the PTH, PTHrP and/or PKA catalytic subunit variants, homologs, and 
mutants in appropriate host cells. In some embodiments of the present invention, the 
polypeptide may be a naturally purified product, in other embodiments it maybe a product 
of chemical synthetic procedures, and m still other embodiments it may be produced by 
recombinant techniques using a prokaryotic or eukaryotic host (e.g., by bacterial, yeast, 
higher plant, insect and mammahan cells in culture), hi some embodiments, depending 
upon the host employed in a recombinant production procedure, the polypeptide of the 
present invention may be glycosylated or maybe non-glycosylated. In other embodiments, 
ttie polypeptides of the mvention may also include an initial melhionine amino acid residue. 

in one embodiment of the present invention, due to the inherent degeneracy of the 
genetic code, DNA sequences other than the recited polynucleotide sequences that encode 
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substantially the same or a fimctionally eqtiivalent amino acid sequeuce, may he used to 
clone and express PTH, PTHrP and/or PKA catalytic subimit polypeptides. In general, such 
polynocleotide sequences hybridize to SEQ ID NOs: 1-115 (and to any other sequence 
lefened to herein) under conditions of high to medimn stringency as described above. As 
will be understood by those of skill ui the art, it maybe advantageous to proditce PTH, 
PTHrP and/or PKA catalytic subunit-encoding nucleotide sequemces possessing 
non-naturally occurring codons. Thaefore, in some preferred embodiments, codons 
preferred by a particular prokaryotic or eukaryotic host (Murray et al, Nucl. Acids Res., 17 
(1989)) are selected, for example, to increase the rate of PTHrP expression or to produce 
recombinant RNA transcripts having desii-able properties, such as a longer half-life, than 
transcripts produced from naturally occurring sequence. 

1. Vectors for production of polypeptides of interest 
The polynucleotides of the present invention may be employed for producing 
polypeptides by recombinant techniques. Thus, for example, the polynucleotide maybe 
included in any one of a variety of expression vectors for expressing a polypeptide, hr some 
embodiments of the present invention, vectors include, but are not limited to, chromosomal, 
nonchromosomal and synthetic DNA sequences {e.g., derivatives of SV40, bacterial 
plasmids, phage DNA; baculovirus, jreast plasmids, vectors derived from combinations of 
plasraids and phage DNA, and viral DNA such as vaccinia, adenovirus, fowl pox virus, and 
pseudorabies). It is contemplated that any vector maybe used as long as it is replicable and 
viable in the host. 

In particular, some embodiments of the present invention provide recombinant 
constructs comprising one or more of the sequences as broadly described above {e.g., SEQ 
ID NOs: 1-115). In some embodiments of the present invention, the constructs comprise a 
vector, such as a plasmid or viral vector, into which a sequence of the invention has been 
inserted, in a forward or reverse orientation. In still other embodiments, a heterologous 
structural sequence {e.g., SEQ ID NO: 1) is assembled in appropriate phase with translation 
initiation and termination sequences, hi preferred embodiments of the present invention, the 
appropriate DNA sequence is inserted into the vector using any of a variety of procedures. 
In general, the DNA sequence is insoted into an ^propriate restriction endonuclease site(s) 
by procedures known in the art 
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Large numbers of suitable vectors are known to fliose of skill in the art, and are 
commercially available. Such vectors include, but are not limited to, the foUowing vectors: 
1) Bacterial - pQE70, pQE60, pQE-9 (Qiagen), pBS, pDlO, phagescript, psiX174, 
pbluescript SK, pBSKS, pNHSA, pNH16a, pNHlSA, pNH46A (Stratagene); ptrc99a, 
pKK223-3, pKK233-3, pDR540, pRITS (Pharmacia); 2) Eukaryotic - pWLNEO, 
pSV2CAT, pOG44, PXTl, pSG (Stratagene) pSVK3, pBPV, pMSG, pSVL (Pharmacia); 
and 3) Baculovirus - pPbac and pMbac (Stratagene). Any other plasmid or vector maybe 
used as long as they are replicable and viable in the host. En some preferred embodimraits 
of the present invention, mammalian expression vectors comprise an origin of replication, a 
suitable promoter and enhancer, and also any necessary ribosome binding sites, 
polyadenylation sites, splice donor and acceptor sites, transcriptional termination sequences, 
and 5' flanking non-transcribed sequences. In other embodunents, DNA sequences derived 
from the SV40 splice, and polyadenylation sites may be used to provide the required 
non-transcribed genetic elements. 

hi certain embodiments of the present invention, the DNA sequence in the 
expression vector is operatively linked to an appropriate expression control sequence(s) 
(promoter) to direct niRNA syuthesis. Promoters useftd in the present invention include, 
but are not lunited to, the LTR or SV40 promoter, the E. coli lac or trp, the phage lambda 
PL and Pr, T3 and T7 promoters, and the cytomegalovirus (CMV) immediate early, herpes 
simplex virus (HSV) thymidine kinase, and mouse metallothionein-I promoters and other 
promoters known to control erxpression of gene in prokaryotic or eukaryotic cells or their 
viruses. In other embodiments of the present invention, recombinant expression vectors 
include origins of replication and selectable markers pCTmitting transformation of the host 
cell (e.g., dihydrofolate reductase or neomycin resistance for eukaryotic cell culture, or 
tetracycline or ampicillin resistance in E. coli). 

In some embodiments of the present invention, transcription of the DNA encoding 
the polypeptides of the present invention by higher eukaryotes is increased by inserting an 
enhancer sequence mto the vector. Enhancers are cis-actrng elements of DNA, usually 
about from 10 to 300 bp that act on a promoter to increase its transcription. Enhancers 
useful in the present invention include, but are not hmited to, the SV40 enhancer on the late 
side of the replication origm bp 100 to 270, a cytomegalovirus early promoter enhancer, the 
polyoma enhancer on the late side of the rephcation origin, and adenovirus enhancers. 

In other embodiments, the expression vector also contains a ribosome binding site 
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for translation initiation and a transcdption terminator. In still other embodiments of the 
present invention, the vector may also include appropriate sequences for amplifying 
ejqjression. 

2. Expression of polypeptides of interest 
The constructs in host cells can be used in a conventional manner to produce ttie 
gene product encoded by the recombinant sequence. In some embodiments, introduction of 
the construct into the host cell can be accompUshed by calcium phosphate transfection, 
DEAE-Dextran mediated traisfection, or electroporation {See e.g.. Davis et al, Basic 
Methods in Molecular Biology, (1986)). Alternatively, in some embodiments of the present 
invention, tlie polypeptides of the invention can be synthetically produced by conventional 
peptide synthesizers. 

Still other embodunents of the present invention provide mutant or variant forms 
{i.e., muteins) of the polypeptides of interest {e.g., PTH, PTHrP, and/or catalytically active 
subunits of PKA). It is possible to modify the structure of a peptide having an activity of, 
for example, PTHrP, for such purposes as enhancing therapeutic or prophylactic efficacy, or' 
stability {e.g., ex vivo shelf life, and/or resistance to proteolytic degradation in vivo). Such 
modified peptides are considered functional equivalents of peptides having an activity of the 
subject proteins as defined herein. A modified peptide can be produced in which the amino 
acid sequence has been altered, such as by amino acid substitution, deletion, or addition. 

Moreover, as described above, variant forms {e.g., mutants or polymorphic 
sequences) of the subject proteins are also contemplated as being equivalent to those 
peptides and DNA molecules that are set forth in more detail For example, as described 
above, the present invention encon:^passes mutant and variant proteins that contain 
conservative or non-conservative amino acid substitutions. 

In a preferred embodiment of the present invention, combinatorial libraries are • 
produced by way of a degenerate library of genes encoding a library of polypeptides which 
each include at least a portion of potential therapeutic protein sequence. For example, a 
mixture of synthetic oligonucleotides can be enzymatically ligated into gene sequences such 
that the degenerate set of potential sequences are expressible as individual polypeptides, or 
alternatively, as a set of larger fiision proteins for plmge display) containing the set of 
sequences therein. 
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There are many ways by which a library of potential PTH, PTHrP, and/or 
catalytically activePKA subimit homologs and variants can be generated from a degenerate 
oligonucleotide sequence. Jo. some embodiments, chemical synthesis of a degenerate gene 
sequence is carried out in an automatic DNA synthesizer, and the synthetic genes are ligated 
into an appropriate gene for expression. The purpose of a degenerate set of genes is to 
provide, in one mixture, all of tiie sequences encoding the deshied set of potential 
therapeutic polypeptide sequences. The synthesis of degenerate oligonucleotides is well 
known in the art. {See e.g., Narang, Tetrahedron Lett., 39:39 (1983); Itakura et al. , 
Recombinaat DNA, in Walton (ed.), Proceedings of the 3rd Cleveland Symposium on 
Macromolecules] Elsevier, Amsterdam, pp 273-289 (1981); Itakura et al, Annu. Rev. 
Biochem., 53:323 (1984); Itakura et al. Science 198:1056 (1984); and Ike et al, Nucl. Acid 
Res., 1 1 -All (1 983)). Such techniques have been employed in the directed evolution of 
other proteins {See e.g., Scott et al, Science 249:386 (1980); Roberts et al, Proc. Natl. 
Acad. Sci. USA, 89:2429 (1992); DevUn etal. Science 249: 404 (1990); Cwirlae? al, Proc. 
Natl. Acad, Sci. USA, 87: 6378 (1990); as well as U.S. 5,223,409; 5,198,346; and 5,096,815 
each of which is incorporated herein by reference). 

A wide range of techniques are Icnown in the art for screening gene products of 
combmatorial libraries made by point mutations, and for screening cDNA hbraries for gene 
products having a certain property. Such techniques will be generally adaptable for rapid 
screening of the gene libraries generated by the combinatorial mutagenesis or recombination 
of homologs or variants. The most widely used techniques for screening large gene libraries 
typically comprises cloning the gene library into replicable expression vectors, transforming 
appropriate cells with the resulting library of vectors, and expressmg the combinatorial 
genes under conditions in which detection of a desired activity fiacilitatra relatively easy 
isolation of the vector encoding the gene whose product was detected. 

3. Chemical synthesis of polypeptides of interest 
In an alternate embodiment of the invention, the coding sequence of the polypeptides 
of interest are synthesized, whole or in part, using chemical methods well known in the art 
{See e.g., Caruthers et al, Nucl. Acids Res. Symp. Ser., 7:215 (1980); Crea and Horn, Nucl. 
Acids Res., 9:2331 (1980); Matteucci and Caruthers, Tetrahedron Lett., 21:719 (1980); and 
Chow and Kempe, Nucl. Acids Res., 9:2807 (1981)). hi other embodhnents of the present 
invention, the protein itself is produced using chemical methods to synthesize either an 
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entire amino add sequence or a portion thereof. For example, peptides can be synthesized 
by solwi phase techiuques, cleaved from the resin, and purified by preparative high 
peribimance liquid chromatography (See e.g,, Creighton, Proteins Structures And 
Molecular Principles, W H Freeman and Co, New York N.Y. (1983)). In other 
embodiments of the present invention, the composition of the synthetic peptides is 
confirmed by amino add analysis or sequencing {See e.g., Creighton, supra). 

Direct peptide synthesis can be performed using various solid-phase techniques 
(Roberge et al, Science 269:202 (1995)) and automated synthesis maybe achieved, for 
example, using ABI 43 1 A Peptide Synthesizer (Perkin Ehner) in accordance with the 
instructions provided by flie manufacturer. Additionally, the amino acid sequence of PTH, 
PTHrP, or PKA catalytically active subunit, or any part thereof, may be altered during direct 
synthesis and/or combined using chemical methods with other sequences to produce a 
variant polypeptide. 

The invention's methods are unsefUl in, for example, gene therapy to alter PTH, 
PTHrP, and/or catalytically active PKA subunit expression, production, or function. As 
described above, the present invention provides the exemplary human PTH, PTHrP, and'or 
catalytically active PKA subunit genes and methods of obtaining the genes from other 
species are known in the art Thus, the methods described below are generally applicable 
across many species. In some embodiments, it is contemplated that the gene therapy is 
performed by providuig a subject with a wild-type allele of therapeutic protein/polypeptide 
(e.g., PTHrP). Subjects in need of such therapy are identified by tlie methods described 
above. 

Viral vectors conuttotUy used for in vivo or ex vivo targeting and therapy procedures 
are DNA-based vectors and retroviral vectors. Metliods for constructing and using viral 
vectors are known in the art (See e.g.. Miller and Rosman, BioTech., 7:980-990 (1992)). 
Preferably, the viral vectors are replication defective, that is, they are unable to replicate 
autonomously in the target cell. In general, the genome of the replication defective viral 
vectors that are used within the scope of the present invention lack at least one region that is 
necessary for the replication of the virus ia the infected cell. These regions can either be 
eliminated (in whole or in part), or be rendered non-fimctional by any technique known to a 
person skiUed in the art. These techniques include the total removal, substitution (by other 
sequences, in particular by the inserted nucleic acid), partial deletion or addition of one or 
more bases to an essential (far replication) region. Such techniques may be performed in 
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vitro {i.e., on the isolated DNA) oar in situ^ using ttie techniques of genetic majjipulation or 
by treatment with mutagenic agents. 

Li a preferred embodiraerat, the vector is an adenovirus vector. Adenoviruses are 
eukaryotic DNA viruses that can be modified to efficiently deliver a nucleic acid of the 
invention to a variety of cell types. Various serotypes of adenovirus esxist. Of these 
serotypes, preference is given, within the scope of the present invention, to type 2 or type 5 
human adenovuruses (Ad 2 or Ad 5), or adenoviruses of animal origin (See e.g., WO 
94/26914). Those adenoviruses of animal origin that can bemused within the scope of the 
present invention include adenoviruses of canine, bovine, murine {e.g., Mavl, Beard et al., 
Virol., 75-81 (1990)), ovine, porcine, avian, and simian (e.g., SAV) origin. Preferably, the 
adenovh-us of animal origin is a canine adenovirus, more preferably a CAV2 adenovirus. 
(See e.g. Manhattan or A26/61 sti'ain (ATCC VR-800)). Replication defective adenoviral 
vectors maybe modified, in particular in the E3 region (e.g.. WO 95/02697), the E2 region 
(e.g., WO 94/28938), the E4 region (e.g., WO 94/28152, WO 94/12649 and WO 95/02697), 
or in any of the late genes L1-L5. The replication defective recombinant adenoviruses 
according to the invention can be prepared by any technique known to the person skilled in 
the art (See e.g., Levrero et al. Gene 101 :195 (1991); BP 185 573; and Graham, EMBO J., 
3 :2917 (1984)). Additionally, the use of vectors derived from the AAVs for transferring 
genes in vitro and in vivo has been described (See e.g., WO 91/18088; WO 93/09239; US 
Pat. No. 4,797,368; US Pat. No., 5,139,941; and EP 488 528, all of which are herein 
incorporated by refesrence). 

Other molecules are also use&l for facilitating trauafection of a nucleic acid in vivo, 
such as a cationic oligopeptide (e.g., W095/21 931), peptides derived from DNA binding 
proteins (e.g., WO96/25508), or a cationic polymer (e.g.. W095/2193 1). . 

It is also possible to introduce the vector in vivo as a naked DNA 
plasraid. Methods for foonulatiug and administering naJced DNA to mammalian muscle 
tissue are disclosed in U.S. 5,580,859; and 5,589,466 both of which are herein incorporated 
by reference, 

B. Detecting angiogenesis 

Angiognesis in a tissue may be detected by detecting the presence of integrin aSpi 
polypeptide using Western blot analysis or immunofluorescence. Alternatively, angiognesis 
in a tissue may be detected by detecting the presence of the exemplary integrin aSpi mRNA 
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using reverse transcription polymerase chain (RT-PCR), or in situ hybridization. These 
meliods are weU vrithin the ordinary sktU in the art. 

In one embodiment, detection of the of the exemplary integrin aSpi employ an agent 
(e.g., polypeptide and/or mRNA) that can be detectably labeled. A moiety usefizl for 
labeling a polypeptide aud/or mRNA agent cm be a radionuclide, a paramagnetic material, 
an X-ray attenuating material, a fluorescent, chemiluminescent or luminescent molecule, a 
molecule such as biotin, or a molecule that can be visualized upon reaction witli a particular 
reagent, for example, a substrate for an enzyme or an epitope for an antibody. The moiety 
can be Unked to the polypeptide and/or mRNA agent using well known methods, wMch are 
selected, in part, based on the chemical nature of the agent and the moiety. For eXEsnple, 
where the moiety is an amino acid sequence such as a hexahistidine (His6) sequence, and 
the agent is a peptide, the His6 sequence can be synthesized as part of the peptide, and the 
His6-labeled agent can be identified by the binding of a nickel ion reagent to the His6 
moiety. 

Methods for chemically linking a moiety to several types of agent also can be 
utilized. For example, methods for conjugating polysaccharides to peptides are exemplified 
by, but not limited to coupling via alpha- or epsilon-amino groups to NaI04-activated 
oligosaccharide, using squaric acid diesfter (l,2-diethoxycyclobutene-3,4-dione) as a 
coupling reagent, coupling via a peptide linker wherein the polj^accharide has a reducing 
terminal and is free of carboxyl groups (U.S. 5,342,770), coupling with a synthetic peptide 
carrier derived flrom human heat shock protein hsp65 (U.S. 5,736,146), and using the 
methods of U.S. 4,639,512. Methods for conjugating proteins to proteins include coupling 
with a synthetic peptide carrier derived from human heat shock protein hsp65 (U.S. 
5,736,146), the methods used to conjugate peptides to antibodies (U.S. 5,194,254; 
4,950,480), the methods used to conjugate peptides to insulm fragments (U.S. 5,442,043), 
the methods of U.S. 4,639,5 12, and the method of conjugating the cycUc decapeptide 
polymyxui B antibiotic to and IgG carrier using EDAC (1 -ethyl-3-(3- 
dimethylaminopropyl)carbodiimide)-mediated amide formation. {See e.g., Drabick et al, 
Antimicrob. Agents Chemother., 42:583-588 (1998)). Approaches to conjugate nucleic 
acids to proteins are also known in the art, such as those described in U.S. 5,574,142; 
6,1 17,631; and 6,110,687; each of is incorporated hi its entirety by reference. Methods for 
conjugating lipids to peptides have been described in the art mcludmg, but not limited to, 
the use of reductive amioation and an ether hnkage which contains a secondary or tertdary 
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amine (U.S. 6,071,532), &e mefliods of U.S. 4,639,5 12, tlie methods used for covalently 
coupling peptides to unilamellar liposomes (Friede et al. Vaccine, 12:791-797 (1994)), of 
coupling human serom albumin to liposomes using the hetero-bifimctional reagent N- 
succinimidyl-S-acetyllJuoacetate (SATA) (Kamps et al, Biochim. Biophys. Acta, 1278:183- 
190 (1996)), of coupling antibody Fab' fragments to liposomes using a phospholipid- 
poly(ethylene glycol)-maleimide anchor (Shahiaian cd., Biochim. Biopihys. Acta, 
1239:157-167 (1995)), and of coupling Plasmodium CTL epitope to paknitic acid via 
cysteine-serine spacer amino acids (Verheul et al, J. Immunol. Methods, 182:219-226 
(1995)). 

A specifically bound agent can be detected in an individual using an in vivo imaging 
method, such as a radionuclide imaging, positron emission tomography, computerized axial 
tomography, X-ray or magnetic resonance imaging method, or can be detected using an ex 
vivo method, wherein, following administration, a sample of the tissue is obtained from the 
individual, and specific binding of the agent in the sample is detected {e.g., by 
inmunohistochemical analysis). 

An agent that is specifically bound to an integrin of interest in a sample can be 
detected directly by detecting the agent, or indirectly by detecting the presence of a moiety 
such as by detecting radioactivity emitted by a radionuclide moiety. Specifically bound 
agent also can be detected indirectly by jEurther contacting it with a reagent that specifically 
interacts with the agent, or with a moiety Imked to the agent, and detecting interaction of the 
reagent with the agent or label. For example, the moiety can be detected by contacting it 
with an antibody that specifically binds the moiety, particularly when the moiety is linked to 
the agent. The moiety also can be, for example, a substrate, which is contacted by an 
enzyme that interacts with and changes the moiety such that its presence can be detected. 
Such indhect detection systems, which include the use of enzymes such as alkaline 
phosphatase, horseradish peroxidase, beta-galactosidase and the like, are well known in the 
art and commercially available, as ai-e the methods for incorporating or, UnMng the 
particular moiety to a particular type of agent. 

n. Inducing apoptosis 

The present invention provides methods for inhibiting cell survival i.e., inducing 
apoptosis. In one embodiment, endothelial cells (HUVECs) were cultured on poly-L-lysine 
(which mediates nonspecific cell attachment to the substratum) and fibronectin substrates. 
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Cells were analyzed for the binding of Annexin V, a Ca^* dependeaat phospholipid-binding 
protein that binds to qjoptotic cells with exposed phosphatidyl serine as discussed in P. 
Raynal and H.B Pollard. (P. Raynal and H.B Pollaid, Biochemica et Biopbysica Acta., 
1 197:63-93 (1994)). The present invention shows feat HUVECs attached to fibronectin 
bind little Annexin V, while over 85% of cells on poly-L-lysine coated plates bound 
Annexin V, Additionally, lysates ftom HUVECs cultured in suspension or on poly-L-lysine 
and fibronectin werc ionnunoblotted for poly (ADP ribose) polymerase (PAEIP). PARP is 
an enzyme involved in DNA repair that is cleaved by caspase 3 during the early stages of 
apQfptosis to produce 85 kD and 25 kD fragments, resulting in loss of normal FAEP 
function. {See e.g., D.W. Nicholson et al. Nature, 376: 37-43 (1995); and T. Parte! et al, 
FASEB J. 10:587-597 (1995)). Cells in suspension or attached to poly-L-lysine displayed 
significant PAEP cleavage, while cells attached to fibronectin showed little PARP cleavage. 
Similarly, attachment to fibronectin, but not poly-L-lysine, protects HUVECs from DNA 
firagmentation associated with apoptosis. These studies indicate that in certain embodiments 
of the present invention, fibronectin attachment promotes the survival of endothelial cells. 

To determine if mtegrin aSpi is the fibronectin receptor supporting HUVEC 
survival in vitro, HUVECs were cultured on surfaces coated with avJ33 antibodies or control 
antibodies. The present invention contemplates that immobilized anti-integrin antibodies 
cluster integrins, thereby acting as agonists. {See e.g., S. Stromblad et al, J. Clin. Invest., 
98:426-433 (1996); and D.L Leaveley a/., J. Cell Biol, 121:163-170 (1993)). Cells 
attached to surfaces coated with antibodies dnected against a5pl bound little Annexin, and 
thus remained viable, ha contrast, more than 75% of cells attached to control antibodies 
were Annexin positive. Cells attached to a5|31 antibody-coated surfeces also showed 
significantly less PARP cleavage and DNA fi:agmentation than cells attached to control 
antibodies. These results indicate that, in some embodiments of the present invention, aSpi 
promotes endothelial cell survival. 

Antagonists of integrin a5pl block angiogenesis ifi vivo but have no effect on 
unstimulated blood vessels. (S, Kim et al. Am. J. Path., 156:1345-1362 (2000)). In one 
embodiment, to determine if the integrin antagonists induce endotheUal cell apoptosis 
during angiogenesis in vivo, CAMs stimulated by bFGF were treated with saline and a5|3l 
function-blocking and isotype-matched control antibodies. ' Twenty-four hrs later, chicken 
embryos were injected intravenously with Annexin V-FITC. Anti-oSpi antibodies, but not 
saline or control antibodies, induced Annexin V staining of endothelial cells in living 
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CAMS, showing that aSpl legdates survival in vivo of proliferating endothelial cells. 
Vessels in anti-aSpl treated CAMs bound eight times more Annexin V than control treated 
CAMs. As aSpi is only expressed at significant levels on proliferating eaidolJielial cells, 
aSpl function-blocking antibodies target these cells. Furthermore, as peptide and small 
molecule antagonists of aSpl also inhibit angiogenesis and indiice apoptosis, antibody- 
mediated complement activation is not likely to play a significant role in this apoptosis 
induction. Thus, in preferred embodiments, integrin aSpl antagonists induce endothelial 
cell apoptosis in vivo. 

To confirm that aSpiantagonists cause apoptosis in vivo, sections of CAMs were 
analyzed for the expression of cleaved caspase 3 in blood vessels. Cleavage of caspase 3 
into 17 and 12 kDa fragments is an indication of caspase 3 activation; the amount of cleaved 
caspase 3 is a quantitative index of apoptosis induction. Anti-mammaUan caspase 3 
antibodies cross-react with avian caspase 3, as avian caspases exhibit 65% overall sequence 
identity and 100% activation domain identity with mammalian caspases. (A.L. Johnson and 
J.T. Bridgham, Biology of Reproduction, 62:589-598 (2000)). Treatment with either aSpl 
or avpS antagonists induces caspase 3 cleavage (green) in blood vessels (red) in growth 
factor sthnulated CAMs. Furthermore, isolated cells from CAMs treated with a5pl and 
avp3 function-blocking antibodies bound significantly more FITC-Annexin V than in cells 
from control CAMs. Additionally, aSpl antagonists mduced a significant increase m DNA 
fi-agmentation in vivo. These studies show that mtegrui (e.g., aSpl) antagonists induce 
endothelial cell apoptosis during angiogenesis. Accordingly, preferred embodiniente of the 
present invention provide methods and compositions for administering integrin antagonists 
to a subject to inhibit undesirable angiogenesis. 

In still other embodiments, the present invention provides studies and exan^les of 
how integrin (e.g., aSpl) antagonists mterfere with cell (e.g., normal cell, such as 
endothehal cells) survival during angiogenesis. For example, quiescent (serum-starved) and 
proliferating (cultured in complete medium) HUVECs were plated on poly-L-lysine, 
fibronectin, vitronectin, or collagen coated culture plates in the presence of antibody 
antagonists of integrins aSpi, avp3, or a2pl for 24 hrs. Cells were then stained with FITC- 
Annexin V. While fibronectin and vitronectin promote the survival of serum starved as well 
as proliferating endothehal cells, collagen promotes only the survival of quiescent 
endothehal cells, hi some embodiments, integrin antagonists that block cell attachment to 
the substratum induce apoptosis in endothehal cells. For example, antagonists of a5pl 
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induce apoptosis on fibronectin, while antagonists of avp3 induce apoptosis on vitronectin 
and antagoiusts of a2pi induce apoptosis on collagen. However, aSpi antagonists also 
induce apoptosis of cells on vitronectin without affecting attachment to vitronectin. Di 
contrast, a5pl antagonists do not affect cell survival on collagen- And-aSpl, but not control 
antibodies also induce PAEIP cleavage in HUVECs pkted on vitronectin substrates. Thus, 
the present invention shows that unligated aSpi integrin inhibits endothelial cell survival on 
provisional matrix proteins such as fibronectin and vitronectin, but not on other matrix 
proteins such as collagen, interestingly, a5(il and avp3 antagonists induce apoptosis in 
proliferating cells more effectively than in quiescent cells, thus these two integrins provide 
important survival signals to proliferating endothehal cells such as those participating in 
angiogenesis. These studies further show that integrin a5pl can directly and indirectly 
regulate the survival of proliferating cells {e.g. , endothehal cells). 

Additional embodiments of the present invention are directed to determining the 
nature of the cell death pathway induced by mtegrin {e.g., aSpi) antagonists contemplated 
for in the methods and compositions of the present invention. In. one such embodiment, 
endothehal cells were plated on ECM protein coated culture plates in the presence of 
integrin antagonists and caspase inhibitors or vehicle control (0.33% DMSO). As a5pl 
antagonists do not induce cell death on collagen, these studies were restricted to 
examination of effects of antagonists on cells attached to fibronectin and vitronectin. Cell 
death induced by anti-a5pl antibodies was blocked by caspase 3 inhibitors whether the cells 
were attached to fibronectin or vitronectin. Cell attachment to poly-L-lysine rapidly 
activated caspases 3 and 8 while attachment to vitronectin did not. aSpi antibodies, but not 
control antibodies also activated caspases 3 and 8 (P=0.0001 and P=0.002, respectively) in 
cells attached to vitronectin and fibronectin. Caspase 3 cleavage was also readily detected 
in cells treated with anti-a5pi antibodies, but not control antibodies. In contrast, caspase 9 
cleavage was not detected in cells treated with aSpi antagonists. These studies show that, 
ki some preferred embodiments, integrin a5pl antagonists induce a pro-apoptotic pathway 
in proliferating endothelial cells that results fi-om activation of initiator caspases (8) rather 
than stress caspase (9) pathways. These results further show, that in some additional 
embodimenfs, that blocking integrin {e.g., aSpi) ligation induces caspase 3-mediated death 
even when cells are still attached to provisional matrix hgands tiuough other integrins. 
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Still further embodiments of the present mvention show tiiat integrin-mediated 
survival depends on suppression of caspase 3 and 8 activation in vitro. As a5pl and avp3 
antagonists block angiogenesis in vivo, these antagonists are contemplated to induce caspase 
3 and 8 activation in vivo. In one embodunent, CAMs stimulated with bFGF were treated 
with saline, vehicle control (DMSO), caspase 3 or 8 inhibitors, and anti-integrin antibodies 
in the presence or absence of caspase inhibitors. Angiogenesis was inhibited by anti-aSpl 
antibodies. In some of these embodiments, inhibition was partially reveacsed by cell 
permeable caspase 3 inhibitors and Mly reversed by caspase 8 inhibitors. Similarly, in 
some other embodiments, angiogenesis was inhibited by anti-avp3 and was partially 
reversed with caspase 3 and caspase 8 inhibitors. However, caspase 9 inMbitors had little 
effect on angiogenesis. And in still other embodiments, caspase mhibitors alone had no 
effect on angiogenesis or on unstimulated CAMs. These results indicate that integrin (e.g., 
aSpl and avP3) antagonists activate caspases 8 and 3 in vivo, thereby inhibiting 
angiogenesis. 

In preferred embodunents, the present invention shows that integrin ligation 
suppresses PKA activation. Particularly preferred embodiments show that cell death 
induced by integrin antagonists is PKA dependent. For example, antagonists of a5pl 
activate PKA even if endotheUal cells are attached to vitronectm. Therefore, the present 
invention investigated whether PKA plays a role in integrin antagoiust induced ^optosis in 
vitro and vivo. Pharmacobgical mhibitors of i>KA substantially suppressed apoptosis ■ 
induced by anti-avps (P=0.05) or auti-aSpl (P=0.05) in cells attached to vitronectin. 
Furfliennore, PKA inhibitors blocked caspase 3 cleavage induced by anti-aSpi m cells 
attached to vitronectin. 

The present invention shows that integrin antagonists induce cell death by activating 
PKA. Thus, m still fhrther embodunents, the role of PKA ui mtegrin antagonist mduced 
cell death was examined. Briefly, m one embodiment, endothelial cells were plated on 
fibronectin, vitronectin, or collagen coated plates in the presence of anti-a5pl, anti-avP3, or 
anti-a2pl antibodies and transfected with a mutationally mactive form of PKA (dnPKA). 
The mutationally inactive PKA, but not a control transgene (GPP), prevented ceU death 
(P=0.004 or less) induced by integrin antagonists even whether these antagonists inhibit cell 
attachment or not. Therefore, certain embodiments of the present invention show that both 
direct (aaoikis) and indirect integrin antagonist-mediated cell death is PKA dependent. 

Other embodiments of the present invention are directed to detemuniag whether 
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activation of PKA directly induce endothelial cell death. To that end, in one embodiment, 
endothelial cells were treated "with dihutyryl cAMP or were transiently transfected with the 
catalytic subunit of PKA to activate PKA. Both cAMP and expression of flie catalytic 
subunit of PKA significantly induce apoptosis (P=0.009 andP=0.003, respectively) in 
endothelial cells attached to vitroaaectin or to other ECM sidjstrates. Accordingly, some 
preferred embodiments of the present invention show that PKA directly induces apoptosis in 
endothelial cells. 

To determine whether PKA plays a role in the negative regulation of angiogenesis, 
bFGF stimulated CAMs were transfected with GFP and mutationally inactive PKA 
(dnPKA) expression plasmids in the presence and absence of aSpl antibodies. While 
integrin {e.g. , a5pl) antagonists significantly block angiogenesis, the mutationally inactive 
PKA partially reverses this inhibition. La other embodiments, similar results have been 
observed withphannacological PKA inhibitors. (See e.g., S. Kim et al, J. Biol. Chem., 
275: 33920-33928 (2000)). Since PKA plays a role in the negative regulation of 
angiogenesis by integrin antagonists, the present invention investigated whether dhect 
activation of PKA also inhibits angiogenesis. Expression of the PKA catalytic subunit 
daring angiogenesis in vivo completely suppresses angiogenesis (P=0.0005), as does 
exposure of CAlvls to cAMP. VEGF stimulated angiogenesis is also mhibited by activation 
of PKA. This inhibition results ftom apoptosis induction, as it is accompanied by cleavage 
of caspase 3 in vivo. Thus, hi some embodiments, activation of PKA by integrin 
antagonists, by cAMP or by oveirejcpression of the catalytic subunit of PKA induces 
endothehal cell apoptosis and ultimately inhibits angiogenesis. 

in. Screening Compounds 

The present invention further provides methods for identifying compounds which are 
capable of inhibiting angiogenesis, inhibiting endothelial cells adhesion, and/or inhibiting 
endothehal cell migration. A screening assay of the invention can be performed by 
contacting cells with a test compound, and detecting activation of PKA in the cells, and/or 
detecting inhibition of angiogenesis, cells adhesion, cell migration and/or cell survival 
thereby identifying the compound. A tissue can be contacted with the agent in vivo or ex 
vivo {See e.g., U.S. 5,622,699, incorporated by reference). Where a screening method of the 
invention is performed using an in vitro format, it can be adapted to automated procedure, 
thus allowmg high throughput screening assays for examining libraries of molecules. 
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Methods for preparing libraries of molecules, wMch can be screened using a method 
of the invention to identify antagonists of integrins of interest that inhibit angiogenesis, 
endothelial cells adhesion and/or endothelial cell migration processes which are associated 
with expression of an integrin of interest, are known in the art. These are exemplified by 
methods for preparing oligonucleotide libraries {See e.g.. Gold et al, U.S. 5,270,163, 
incorporated by reference); peptide libraries {See e.g., Koivunen et al. J. Cell Bio, 124: 
373-380 (1994)); peptidomimetic libraries {See e.g:, Blondelle et al. Trends Anal. C3iem. 
14:83-92 (1995)) oligosaccharide Hbraries {See e.g., York et al., Carb. Res. 285:99-128 
(1996); Liang et al. Science 274:1520-1522 (1996); and Ding et al.. Adv. Expt. Med. Biol. 
376:261-269 (1995)); lipoprotein libraries {See e.g., de 'Kxmfet al, FEBS Lett., 
399:232-236 (1996)); glycoprotein or glycolipid libraries {See e.g., Karaoglu et al, J. Cell 
Biol. 130:567-577 (1995)); or chemical libraries containing, for example, drugs or other 
pharmaceutical agents {See e.g, Gordon et al, J. Med. Chem. 37:1385-1401 (1994); Ecker 
and Crook, Bio/Technology 13:351-360 (1995); and U.S. 5,760,029, incorporated by 
reference). Libraries of diverse molecules also can be obtained flx)m commercial sources. 
Libraries of diverse molecules also can be obtained from commercial sources. 

IV. Exemplary agents 

A wide range of agents find use in the methods of the present mvention (e.g., 
diagnostic, tlierapeutic, screening, etc.). The terms "test compound," "compound," "agent," 
"test agent," "molecule," and "test molecule," as used herein refer to any type of molecule 
(for example, a peptide, nucleic acid, carbohydrate, lipid, organic molecule, and inorganic 
molecule, etc.) obtained from any source (for example, plant, animal, and environmental 
source, etc.), or prepared by any method (for example, purification of naturally occurring 
molecules, chemical synthesis, and genetic engmeering methods, etc.). In one embodiment, 
the term "test compound" refers to any chemical entity, pharmaceutical, drug, and the like 
that can be used to treat or prevent a disease, illness, sickness, or disorder of bodily function. 
Test compounds comprise both known and potential therapeutic compounds. A test 
compound can be determined to be therapeutic by screeiiing using the screening methods of 
the present invention. A "known therapeutic compound" refers to a therapeutic compound 
that has been shown {e.g. , through animal trials or prior experience witli administration to 
hiunans) to be effective in such treatment or prevention. 

In one embodiment, any compound that modulates the activity of PKA m normal 
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cells (e.g., endothelial, smooth muscles, fibroblaste, myocytes, lymphocytes, monocytes, 
maciophages, megakaryocytes, eosinophils, neurites, and fhe like), and tumor cells (e.g., 
Ijmphoma, leukemia, carcinomas, including, but not limited to, ovarian, uterine, testicular, 
breast, prostate, gastric, head and neck, squamous, and the like, sarcomas, osteosarcomas, 
melanomas, and the like) is a candidate compound for use in the methods of the present 
invention. In some of these embodiments, compounds that modxxlate the activity of PBJA 
inhibit integrin ligation. In this regard, any agent/moiety that inhibits integrin ligation finds 
use in the present invention (e.g., mutationally inactive integrin subunits, anti-integrm 
antibodies, cell permeable forms of cAMP, drugs, small molecules, and the like). 

In some other embodiments, the present invention provides methods and 
compositions that modulate undesirable apoptosis in a cell or tissue. Examples of 
undesirable apoptosis, include, but are not limited, hyperproliferative diseases, and cancers. 

hi still some other embodiments, the present invention provides compositions and 
methods that modulate undesirable angiogenesis, cell migration, cell adhesion, and/or cell 
survival. 

in preferred embodiments, the present invention provides agents that activate PKA 
by blocking integrin function. For example, the present invention provides, but is not 
limited to, small molecule and peptide antagonists of integrins integrin function, for 
example, the present invention provides, but is not limited to, small molecule and peptide 
antagonists of integruis avpl, avp3, avp5, avp6, avp8, alpl, a2pl, ct4pl, aSpi, a6pl, a7pi, 
aSpl, a9pl, alOpl, a6p4, a4p7, oiMp2, aLp2, aXp2, and anpp2, and the like. 

In still other preferred embodiments, the present invention provides agents that 
inhibit the migration of cells (e.g., normal cells and tumor cells) that are downstream of 
PKA, including, but not limited to, dominant positive Rho (e.g,, RhoVM), dominant 
negative Src, and active Csk, and the like. 

Other preferred embodiments of the present invention provide methods and 
compositions for modulating (e.g., inliibiting) cell migration and/or siu^ival by elevating 
PKA levels in a cell of tissue by providing an agent, mcluding, but not limited to, PKA 
catalytic subunits, pertussis toxin, cholera toxin, PTHrP and/or PTH (and derivatives 
thereof), Gai minigene, dominant negative Gai, dominant negative Ga 12/13, constitutively 
active Gas, and anti-CD-47 antibodies, and the like. 

The term "pertussis toxin" refers to a cell permeable bacterial enzyme that ADP 
ribosylates the heterotrimeric Gai subunit. Exemplary pertussis toxm is commercially 
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available from Calbiochem and other conimercial sources. The invesntors* data shows that 
pertussis toxin inhibits PKA activation. 

The teim "cholera toxin" refers to a cell permeable bacterial toxin that ADP 
ribosylates and activates Gas, Exemplary cholera toxin is commercially available from 
Calbiochem. The inventors' data shows that cholera toxin activates PKA. 

The term "Galpha i minigene" refers to a gene sequence representing the small 
fragment of Gai that binds to its receptors, thus reducing and/or preventing activation 
(Gilchrist A et al.. Methods Enzymol. (2002) 344:58-69) It is also conmifiarcially available 
fi-om cue Biotech, 303 E. Chicago Avenue, Ward Building, Suite 17-171 
Chicago, JL 60611. 

The term "dominant negative Gai" refers to a Gai protein that has a point mutation 
(Q to L and D to N) that inhibits its ability to block adenyl cyclase activation, thereby 
causing PKA activation. Dominant negative Gai is available from Guthrie cDNA Resource 
Center, Guthrie Research Institute, One Guthrie Square, Sayre, PA 
18840. 

The term "dominant negative Gal2" refers to to a Gal2 protein that has a point 
mutation (Q to L and D to N) that inhibits its ability to block adenyl cyclase activation, 
thereby causmg PKA activation. Dominant negative Gal2 is available from Guthrie cDNA 
Resource Center, PA. 

The term "dominant negative Gal 3" refers to a Gal3 protein that has a point 
mutation ( Q to L and D to N) that iohibits its ability to block adenyl cyclase activation, 
thereby causing PKA activation. 

The term "constitutively active G alpha s" refers to a G alpha s protein that has a 
point mutation (Q to L) that activates its abiHty to stimulate adenyl cyclase activation, 
fliereby causing PKA activation, Constitutively active G alpha s is available from Guthrie 
cDNA Resource Center, PA 

The term "anti-CD47" refers to an antibody that bmds CD47. In one embodiment, 
anti-CD47 inhibits the ftinction of CD47, an nitegrin associated Glpha i linked receptor. It 
is described in Gao et al J Cell Biol. (1996 Oct) I35(2):533-44. Thrombospondin 
modulates alpha v beta 3 function through integrin-associated protein. 

The terms "dominant positive lUio" and "Rho V14" refer to constitutively active 
Rho (due to point mutation) that causes increased focal adhesion formation and/or decreased 
cell migration. Rho V14 is available from Guthrie cDNA Resource Center, PA 
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The terms "dominant negative Src" and "Src 25 1" refer to Src proteiii that is 
truncated after amino add 25 1 . It has no kinase activity as it lacks Ihe kinase domain. It 
inhibits native Sic activity and causes inhibition of oeU migration (Eliceiri et al. (1999) Mol 
CeU. 4:915-24). Exemplary Src nucleotide sequences, proteins, and/or at least portions 
thereof are Icaown in the art siich as GenBatik accession numbers: NM^OS 1977.1, 
AF157016.1, AF157016,NM_009271.1, M17031.1, AF130457.1, BC039953,1, 
BC051270.1, NM_005417.2, BC011566.1, BC011566, J00844.1, V00402.1, X51863.1. 
M21526.1, L21974.1, AK024281.1, V01169.1, L29199.1, X84074.1, X13745.1, M33292.1, 
S37068.1, M11753.1, D10652.1, M84475.1, X84073.1, X52822.1, AF033808.1, 
AF033808, V01197.1, X15345,l, J02342.1, X14718.1, X51861.1, X68524.1, AF052428.1, 
AF052428, BC045134.1, M23422.1, M24704.2, AL672259.9, V01167.1, AL133293.28, 
K03218.1, AK,091756.1, XO4O0O.1, AF077754.1, U0n49.1, AF440202.1, U01148.1, 
X54971.1, J02350.1, AK017629.1, K03214.1, X03996.1, M16237.1, and AB025550.1 

The terms "active C-terminal Src Kinase" and "Csk" refer to an. enzyme that 
phosphorylates Src on Tyr 527 and inhibits its activity (EUceiri et al. (1999) Mol Cell. 
4:915-24). The inventors' data shows it causes inhibition of cell migration. Exemplary 
Exemplary Csk nucleotide sequences, proteins, and/or at least portions thereof are known in 
the art such as GenBank accession numbers: NM_007783.2, BC052006.1, C018394.1, 
U05247.1, X58631.1, XM_236290.1, AK013057.1, NM_004383.1, X60114.1, X59932.1, 
AY007162,1, M85039.1, X57242.1, AC091230,23, X74765.1, AF052430.1, and 
NM_004383. 

lu yet another embodiment, the invention provides a method for reducing at least one 
of cell migration, cell survival, cell adhesion, and angiogenesis, comprising: a) providing: i) 
at least one cell; and ii) at least one Src inhibitor; and b) treating the at least one cell 
with the at least one Src inhibitor such that at least one of cell migration, cell survival, 
adhesion by the cell, and angiogenesis by the cell is reduced. In one embodiment, the 
method ftirther comprises step c) detecting a reduction in at least one of migration of the 
cell, survival of the cell, adhesion by the cell, and angiogenesis by the cell. 

The term "Src inhibitor" refers to an agent that reduces Idnase activity of one or 
more members of the Src family (such as pp60 Src, p56 Lck, p59 Fyn, and Hck) to 
phosphorylate on tyrosine a Src faonly substrate (such as the exemplary substrates 
polyGluTyr, and Ac-neTyrGlyGluPhe-NH2). Cellular substrates of Src include focal 
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adhesion kinase, paxillin and ppl90RhoGAP aod others. Metho(k for detaaninifig the level 
of Src kinase activity are Imown in the art. For example, protein sample containing Src 
feraily members and 50 mM Tris, pH 7.5, 10 mM MgCi2, 0.25 mg/ml BSA, 50 pM 
Src substrate (e.g., polyGluTyr), 3000 Ci/mmol [g32 P] ATP and 100 \iM ATP are 
combined for 5 minutes at 30 °C. Twenty yA samples of reaction mixtures are spotted onto 
phosphooellulose discs and washed repeatedly with 1% (v/v) phosphoric add in water. 
Incoiporated radioactivity maybe determined by acintillation counting. The specific activity 
of the sample is calculated as fid 32P incorporated per jig protein per min. Alternatively, a 
protein sample containing Src family members and 50 mM Tris, pH 7.5, 10 mM Mga2, 
0.25 mg/ml BSA, 50 |LiM Src protein substrate (e.g., Focal adhesion kinase or fusion protein 
fragment), 3000 Ci/mmol [g32 P] ATP and 100 [iM ATP are combined for 5 minutes at 30 
"C. Samples of reaction mixtures are electrophoresed on SDS polyacrylamide gels. Gels are 
dried and autoradiographed. Src activity is detemiined by incorporation of radioactivity into 
the specific substrate band on the gel. Alternatively, gels maybe blotted onto nitrocellulose 
prior to autoradiography. 

In one embodiment, exemplary Src inhibitors are chosen from 4~ Amino- 1-tert-butj^- 
3-(r-naphthyl)pyrazolo[3,4-d]pyrimidine (PP 1), 4"Amino-5-(4-chlorophenyl)-7-(t- 
butyl)pyrazolo[3,4-d] pyrimidine (PP2), (Z)-3-[4-(Dimefhylamino)benzylidenyl]indolm-2- 
one, a -Cyano-(3,4-dihydroxy)cimiamoyl-(3',4'-dihydroxjphenyl)ketone, 5-Amino-[(N-2,5- 
dihydroxybenzyl)-N'-2-hydroxyben2yl]salicylic Acid, 2',4',3,4-Tetrahydroxychalcone, 3- 
Hydroxy-l-methoxyanthraquinone-2-aldehyde, 5-Amino-[(N-2,5-dihydroxybenzyl)-N'-2- 
hydroxybenKyl]salicylic Acid, (Z)-5-Bromo-3-(4,5,6,7-tetraliydro-lH-indol-2-yimethylene)- 
l,3-dihydroindol-2-onB, 2',4'3,4-Tetrahydoxychalcone, 3-Hydroxy-l- 
methoxyanthraquinone-2-aldehyde,4-(4'-Phenoxyam]ino)-6,7-dimethoxyquinazoIine, 
Herbimycin A, Streptomyces sp., Lavendustin A, Radicicol, Diheterospora chlamydosporia, 
and p60v-src 137-157 Inhibitor Peptide (VAPSDSIQAEEWYFGBaTRRE) (SEQ ID 
N0:1 16). These exemplary Src inhibitors are commercially available (such as from 
Calbiochem, San Diego, CA). In a preferred embodiment, the invention uses the exemplary 
Src inhibitors PPl and/or PP2 (Calbiochem, San Diego, CA). PPl and/or PP2 arepseudo 
substrates of the enzymes; they bind and are not released. En one embodiment, PPl and/or 
PP2 reduce cell migration. 

Accordingly, in some embodiments, the present invention contemplates methods and 
compositions for expression of an exogenous gene (or polynucleotide) sequences of interest 
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into a cell or tissue. Likewise, in some olhea- embodiments, the present inventioii provides 
compositions and methods for increasing the expression of endogenous genes (or 
polynucleotides) of interest in a cell or tissue. 

The metho(k of the present invention are useful for treating a number of diseases 
and conditions characterized by undesirable cell migration and/or angiogenesis, cell 
migration, cell adhesion, and/or cell survival, including, but not limited to: endothelial or 
vascular smooth muscle angiogenesis; restenosis (e.g., vascular smooth muscle); 
arteriosclerosis (e.g., vascular smooth muscle, monocytes, and/or macrophages, etc.); cancer 
(e.g., begm and/or malignant tumor cells); tumor metastasis (e.g., malignant tumor 
metastasis); fibrosis (e.g., fibroblasts in heart, lung, liver, etc.); hemangiomas (e.g., 
endothelial cells, etc.); lymphomas (e.g., immune cells, etc.); leukemia (e.g., immune cells, 
etc.); psoriasis (endothelial cells, etc.); arthritis (e.g., endothehal cells, synoviocytes, and/or 
fibroblasts, etc.); other auto-immune disease (e.g.. Lupus, Crohn's disease, multiple 
sclerosis, diabetes, etc.); ALS (e.g., immune cells, etc.); graft rejection (e.g., immune cells, 
etc.); retinopathies (e.g., macular degeneration, and retinal tearing, etc.), and the like. 
Particularly useful are agents that have undergone extensive testing and are readily 
available. 

The present invention also provides compositions and methods for screening test 
compounds either alone or in association with one or more compounds known to activate 
PKA in a particular cell or tissue. The present invention is not limited, however, to the 
above mentioned screening methods. Those skilled in Uie art will readily appreciate, in 
view of the disclosure of the present invention, other screening and treatment methods are 
contenq)lated by the present invention. 

Some embodimentB of the present invention provide a method of administering to a 
subject an effective amount of an agent that activates PKA and/or mhibits integrin ligation 
(and enaatiomers, derivatives, and pharmaceutically acceptable salts thereof) and at least 
one anticancer agent (e.g., a conventional anticancer agent, such as, chemotherapeutic drugs, 
and/or radiation therapy). 

Anticancer agents suitable for use with the present invention include, but are not 
limited to, agents that induce apoptosis or nucleic acid damage, mhibit nucleic acid 
synthesis, affect microtubule formation, and affect protein synthesis or stability. 

Classes of anticancer agents suitable for use the methods of the present invention 
include, but are not limited to: 1) alkaloids, including, microtubule inhibitors (e.g.. 
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Vincjristine, Vinblastine, and Vindesine, etc.), microtubule stabilizers (e.g., Paclitaxel 
(Tatxol), and Docetaxel, etc.), and cbromatui ftinction inhibitors, including, topoisomerase 
inhibitors, such as, epipodophj^otoxins {e.g., Etoposide (VP-16), and Teniposide (yM-26), 
etc.), and agents that target topoisomerase I {e.g., Camptofhecm and Isirinotecan (CPT-1 1), 
etc.); 2) covalent DNA-bmding agents (alkylating agents), including, nitrogen mustards 
(e.g., Mechlorethamine, Chlorambucil, Cyclophosphajaiide, Ifosphamide, andBusulfen 
(Myleran), etc.), nitrosoureas (e.g., Carmustine, Lomustme, and Semustine, etc.), and other 
alkylating agents (e.g., Dacarbazuie, Hydroxymethylmelamine, Thiotepa, and Mitocycin, 
etc.); 3) noncovalent DNA-binding agents (antitumor antibiotics), including, nucleic acid 
inhibitors (e.g., Dactinomycin (Actinomycin D), etc.), anthracyclines (e.g., Daunorubicin 
(Damiomycin, and Cerubidine), Doxorubicin (Adriamycin), and Idarubicin (Idamycin), etc.), 
anthracenediones (e.g., anthracychne analogues, such as, (Mitoxantrone), etc.), bleomycins 
(Blenoxane), etc., and plicamycin (Mithramycin), etc.; 4) antimetabolites, including, 
antifolates (e.g.. Methotrexate, Folex, and Mexate, etc.), purine antimetabolites (e.g., 6- 
Mercaptopuiine (6-MP, Puiinefliol), 6-Thioguanine (6-TG), Azathioprine, Acyclovir, 
Ganciclovir, Chlorodeoxyadenosine, 2-Chlorodeoxyadenosme (CdA), and2'- 
Deoxycoformycin (Pentostatin), etc.), pyrimidine antagonists (e.g., fluoropyriroidines (e.g., 
5-fluorouracii (Adrucil), 5-fluorodeoxyuridine (FdUrd) (Floxuridine)) etc.), and cytosine 
arabiaosides (e.g., Cytosar (ara-C) and Fludarabine, etc.); 5) enzymes, including, 1^ 
asparaginase, and hydroxyurea, etc.; 6) hormones, including, glucocorticoids, such as, 
antiestrogens (e.g.. Tamoxifen, etc.), nonsteroidal antiandrogens (e.g., Flutamide, etc.), and 
aromatase inhibitors (e.g., anastrozole (Arimidex), etc.); 7) platinum compounds (e.g., 
Cisplatin and Caiboplatm, etc.); 8) monoclonal antibodies conjugated with anticancer drugs, 
toxins, and/or radionuclides, etc.; 9) biological response modifiers (e.g., interferons (e.g., 
IFN-a, etc.) and interleukuis (e.g., JL-2, etc.), etc.); 10) adoptive immunotiierapy; 11) 
hematopoietic growth factors; 12) agents that induce tumor cell differentiation (e.g., atl- 
trans-retinoic acid, etc.); 13) gene therapy techniques; 14) antisense therapy techniques; 15) 
tumor vaccines; 16) therapies diiected against tumor metastases (e.^., Batimistat, etc.); and 
17) inhibitors of angiogenesis. Any pharmaceutical that is routinely used in a cancer therapy 
context tinds use in the present invention. Conventional anticancer agents that are suitable 
for administration with the disclosed gossypol compounds include, but are mot limited to, 
adiiamycin, 5-fluorouracil, etoposide, camptothecin, actinomycin-D, mitomycin C, or more 
preferably, cisplatin. These agents maybe prepared and used as a combined therapeutic 
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composition, or kit, by combining it with an immunothesrapeutic agent, as described herein. 

Ih some embodiments of the present invention, the therapeutic compound treatments 
further comprise one or more agents that directly cross-link nucleic acids (e.g., DNA) to 
fecilitate DNA damage leading to a synergistic, antineoplastic agents of the present 
invention. The compositions of the present invention may be delivered via any suitable 
method, including, but not limited to, injection intravenously, subcutaneously, 
intratumorally, intraperitoneally, or topically (e.g, , to mucosal surfeces). 

Agente that damage DNA also include compounds that interfere with DNA 
replication, mitosis, and chromosomal segregation. Such chemotherapeutic compounds 
include, but are not limited to, adriamycin, also known as doxorubicin, etoposide, 
verapamil, podophyllotoxin, and the like. These compounds are widely used in clinical 
settings for the treatment of neoplasms, and are administered through bolus injections 
intravenously at doses ranging from 25-75 Mg/M^ at 21 day intervals for adriamycin, to 
35-50 Mg/Nf for etoposide intravenously or double the intravenous dose orally. 

Agents that disrupt the synthesis and fideUty of nucleic acid precursors and aubunits 
also lead to DNA damage and find use as chemotherapeutic agents in the present invention. 
A number of nucleic acid precursors have been developed. As such, agents such as 
5-fluorouracil (5-FU) are preferentially used by neoplastic tissue, making tliis agent 
particularly useftd for targeting to neoplastic cells. The doses delivered may range from 3 to 
1 5 mg/kg/day, although other doses may vary considerably according to various factors 
including stage of disease, amenability of the cells to the therapy, amount of resistance to 
the agents and the like. 

In preferred ranbodiments, the anticancer agents used m the present invention are 
those that are amenable co-administration with the disclosed therapeutic compounds or are 
otherwise associated wilb the disclosed therapeutic con:Q)ounds such that they can be 
delivered into a subject, tissue, or cell without loss of fidelity of anticancer effect. For a 
more detailed description of cancer therapeutic agents such as a platinum complex, 
verapamil, podophyllotoxin, carboplatin, procarbazine, mechlorethamine, 
cyclophosphamide, camptothecm, ifosfamide, melphalan, chlorambucil, bisulfan, nitrosurea, 
adriamycin, dactinomyciu, daunorubicin, doxorubicin, bleomycin, plicomycin, mitomycia, 
etoposide (VP 16), tamoxifen, taxol, transplatinmn, 5-fluorouracil, vincristin, vinblastin and 
methotrexate and other similar anti-cancer agents, those of skiU in the art are referred to any 
number of instructive manuals including, but not limited to, the Physician's Desk reference 
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and to Goodman and Gilnwn's "Phannaceutical Basis of Therapeutics" ninth edition, Eds. 
BsaOmmetaL, 1996. 

la still further embodiments of the present invention, yet even more specific 
examples of potential therapeutic anti-integrin and PKA activating compounds 
contemplated for use in the present invention are described below. 

A. Antibodies 

In some preferred embodiments, the agent employed to inhibit angiogenesis, cell 
migration, cell adhesion and/or cell survival is an antibody. In one preferred embodiment, 
an antibody is selected which is specific for an integrin such as, but not limited to, avpi; 
avp3; avpS; avp6; avp8; alpl; a2pl; a4pl; a5pl; a6pi; a7pl; aSpi; a9pi; alOpi; a6p4; 
a4p7; aMp2; aLp2; aXp2; and anpp2) with its corresponding Ugand(s). In preferred 
embodimeats, the terms "antibody" and "immunoglobulin" are used interchangeably to refer 
to a glycoprotein or a portion thereof (including single chain antibodies), which is evoked in 
an animal by an immunogen and which demonstrates specificity to the immunogen, or, more 
specifically, to one or more epitopes contained in the immunogen. In preferred 
embodiments, antibodies includes the antigen bindmg fi:agments of such antibodies, 
including, for example, Fab, FCabOa, Fd or Ev fragments. In additional preferred 
embodiments, the antibodies of the present invention fiurther include chimeric and 
humanized antibodies. Antibodies may be polyclonal or monoclonal. The term "polycloaial 
antibody" refers to an immunoglobulin produced flx>m more than a single clone of plasma 
cells. 

Antibodies contemplated to be within the scope of the invention include naturally 
occiuTing antibodies as well as non-naturally occurring antibodies, including, for example, 
single chain antibodies, chimeric, biflmctional and humanized antibodies, as well as 
antigen-binding firagments thereof. Naturally occuring antibodies may be generated in any 
species including murine, rat, rabbit, hanisterj human, and simian species using methods 
known in the art. Non-naturally occurring antibodies can be constructed using solid phase 
peptide synthesis, can be produced recombinantly or can be obtained, for example, by 
screening combinatorial libraries of variable heavy chains and variable light chains as 
previously described (Huse et aL, Science 246:1275-1281 (1989)). These and other 
methods of making, for example, chimeric, humanized, C3DR-grafted, single chain, and 
bifunctional antibodies are well known to those skilled in the art (Winter and Harris, 
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Immunol. Today 14:243-246 (1993); Ward et al.. Nature 341:544-546 (1989); Hilyaid et al.. 
Protein Engineering: A practical approach (IRL Press 1992); Borrabeck, Antibody 
Engineering, 2d ed. (Oxford University Press 1995). 

In one embodiment, an anti-integrin antibody, or antigen binding fragment thereof, is 
characterized by having specific binding activity for its corresponding integrin binding 
partner of at least about 1 x 10^M\ more preferably at least about 1 x 10*M"\ and yet more 
preferably at least about 1 x 10'M"\ 

Those skilled in the art know how to make polyclonal and monoclonal antibodies 
which are specific for a desirable polypeptide. For example, monoclonal antibodies may be 
generated by immunizing an animal (e.g., mouse, rabbit, etc.) with a desired antigen and the 
spleen cells firom the immunized animal are immortalized, commonly by fusion with a 
myeloma cell. 

hnmunization with antigen may be accomplished in the presence or absence of an 
adjuvant, e.g., Freund's adjuvant. Typically, for a mousey 10 ng antigen in 50-200 \il 
adjuvant or aqueous solution is adnjinistered per mouse by subcutaneous, intraperitoneal or 
intra-muscular routes. Booster immunization may be given at intervals, e.g., 2-8 weeks. 
The final boost is given approximately 2-4 days prior to fiision and is generally given in 
aqueous form rather than in adjuvant. 

Spleen cells from the immunized animals may be prepared by teasing the spleen 
through a sterile sieve into culture medium at room temperature, or by gently releasing the 
. spleen cells into medium by pressure between the frosted ends of two sterile gjass 
microscope shdes. The cells are harvested by centrifiigation (400 x g for 5 min.), washed 
and counted. 

Spleen cells are fiised with myeloma cells to generate hybridoraa cell lines. Several 
mouse myeloma cell lines which have been selected for sensitivity to hypoxanthine- 
aminopterin-thymidine (HAT) are commercially available and may be grown in, for 
example, Dulbecco's modified Eagle's medixim (DMEM) (Gibco BRL) containing 10-15% 
fetal calf serum. Fusion of myeloma cells and spleen cells may be accomplished using 
polyethylene glycol (PEG) or by electrofiision using protocols which axe routine in the tert. 
Fused cells are distributed into 96-well plates followed by selection of fiised cells by culture 
for 1-2 weeks ui 0.1 ml DMEM containing 10-15% fetal calf serum and HAT. The 
supematants are screened ft>r antibody production using methods well known in the art. 
Hybridoma clones from wells containing cells which produce antibody are obtained, e.g., by 
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limiting dilution. Cloned hybridoma ceUs (4-5 x 10*^ are implanted intraperitoneally in 
recdpient mice, prefCTably of a B ALB/c genetic background. Sera and ascites fluids are 
collected from mice after 10-14 days. 

The invention also conteai^lates humanized antibodies which are specific for at least 
aportion of an integrin {e.g., a5pl) of interest or its ligands. Humanized antibodies may be 
generated using methods known in the art, such as those described in U.S. Patent Numbers 
5,545,806; 5,569,825 and 5,625,126, the entire contents of which are incorporated by 
reference. Such methods include, for example, generation of transgenic non-human animals 
which contain human immunoglobulin chain genes and which are capable of expressing 
these genes to produce a repertoire of antibodies of various isotypes encoded by the human 
immunoglobulin genes. 

hi a preferred embodiment, the anti-integrin antibodies are specific for their target 
integrins or to portions thereof, hi more preferred embodiments, anti-integrin antibodies 
bind to their target integrins with at least 2 times greater, preferably at least 5 times greater, 
more preferably at least 10 tunes greater, and yet more preferably at least 100 times greater, 
affinity thm it binds another integrin. Anti-integrin antibodies include, without limitation, 
mouse anti-human integrin antibodies. Also included within the scope of this invention are 
humanized anti-human-anti-integrin antibodies. In yet another preferred embodiment, the 
antibody is specific for fibronectin or a portion thereof. 

B. Peptides and peptide memitics 

In other alternative embodiments, the agent employed to inhibit angiogenesis, cell 
migration, cell adhesion and/or cell survival is one which inhibits the specific binding of an 
integrin of interest (includmg, but not hmited to, integrins: avpl; avp3; av|35; avP6; avpS; 
aipi; a2pl; a4pl; a5pl; a6pl; a7pl; a8pl; a9pi; aiOpl; a6p4; a4p7; aMp2; aLp2; aXp2; 
and anpp2) with its corresponding ngand(s). The term "peptide," as used herein, is used 
broadly to refer to at least two amino acids or amino acid analogs which are covalently 
linlced by a peptide bond or an analog of a peptide bond. The tenn peptide includes 
oHgomers and polymers of amino acids or amino acid analogs. The term peptide also 
includes molecules which are commonly referred to as peptides, which generally contain 
from about two to about twenty amino acids. The term peptide also includes molecules 
which are commonly refeired to as polypeptides, which generally contain from about twenty 
to about fifty amino adds. The term peptide also includes molecules which are commonly 
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referred to as proteins, which gencaally contain fix)m about fifty to about 3000 amino acids. 
The amino acids of the peptide antagonists may be L-amino adds or D-amino acids. 

The peptide agent may be a derivative peptide. The tenm "derivative" or "modified" 
■when used in reference to a peptide mean that the pqptide contains at least one derivative 
amino acid. A "derivative" of an amino acid and a "modified" amino acid is a chemically 
modified amino acid. Derivative amino acids can be "biological" or "non-biological" amino 
acids. Chemical derivatives of one or more amino acid members may be achieved by 
reaction with a functional side group. Illustrative derivatized molecules include for example 
those molecules in which free amino groups have been derivatized to form amine 
hydrochlorides, p -toluene sulfonyl groups, carboxybenzoxy groups, t-butyloxycarbonyl 
groups, chloroacetyl groups or formyl groups. Free carboxyl groups may be derivatized to 
form salts, methyl and ethyl esters or other types of esters and hydrazides. Free hydroxyl 
groups may be derivatized to form 0-acyl or O-aBcyl derivatives. The imidazole nitrogen of 
histidine may be derivatized to form N-im-benzylhistidine. Also included as chemical 
derivatives are those peptides which contain naturally occurring amino acid derivatives of 
the twenty stMidard amino acids. For example, 4-hydroxyproline may be substituted for 
proline; 5-hydroxylysine may be substituted for lysine; 3-methylhistidine may be substituted 
for histidine; homoserine may be substituted for serine, and ornithine for lysine. Other 
included modifications are amino terminal acylation (e.g,, acetjdation or thioglycolic acid 
amidation), terminal carboxylamidation {e.g., with ammonia or raethylamine), and similar 
terminal modifications. Terminal modifications are usefiil, as is well known, to reduce 
susceptibility by proteinase digestion and therefore to prolong the half-life of the peptides hi 
solutions, particularly in biological fluids where proteases may be present. Exemplary 
modified amino acids include, without limitation, 2-Aminoadipic acid, 3-Aminoadipic acid, 
beta-Alanine, beta-Aminopropionic acid, 2-Aminobutyric acid, 4-Aminobutyric acid, 
piperidinic acid, 6-Aminocaproic acid, 2-Aniinoheptanoic acid, 2-Arainoisobutyric acid, 3- 
Aminoisobutyric acid, 2-Aminopimelic acid, 2,4-Diaminobutyric acid, Desmosine, 2,2'- 
Diaminopiraelic acid, 2,3-Diammopropionic acid, N-Ethylgilycme, N-Ethylasparagrne, 
Hydroxylysine, allo-Hydroxylysine, 3-Hydroxyproline, 4-Hydroxyproluie, Isodesmosiae, 
allo-Isoleucine, N-Metirjdglycine, sarcosine, N-MethyUsoleucine, N-Methylavaline, 
Norvaline, Norleucine, and Ornithine. Derivatives also include peptides containing one or 
more additions or deletions as long as the requisite activity is maintained. 
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The amino acids of the peptides are contemplated to include biological amino acids 
as well as non-biological araino acids. Accordingly, as used herein, the tenn "biological 
amino acid" refers to any one of the known 20 coded anuno acids that a cell is capable of 
introducing into a polypeptide translated ftom an mKNA. The term "non-biological amino 
acid," as used herein, refers to an amino acid that is not a biological amino acid. Non- 
biological amino acids are usefiil, for example, because of their stereochemistry or their 
chemical properties. The non-biological amino acid norleucine, for example, has a side 
chain similar in shape to that of methionine. However, because it lacks a side chain sulfur 
atom, norleucine is less susceptible to oxidation than methionine. Other examples of non- 
biological amino acids include aminobutyric acids, norvaline and allo-isoleucine, that 
contain hydrophobic side chains with different steric properties as compared to biological 
amino acids. 

Peptides which are useful in the instant invention may be synthesized by several 
methods, including chemical synthesis and recombinant DNA techniques. Synthetic 
chemistry techniques, such as soHd phase Merrifield synthesis are preferred for reasons of 
purity, fireedom &om undesired side products, ease of production, etc, A summary of the 
techniques available are found in several articles, including Steward et al. Solid Phase 
Peptide Synthesis, W. H. Freeman, Co., San Francisco (1969); Bodanszky, et al. Peptide 
Synthesis, John Wiley and Sons, Second Edition (1976); J. Meienhofer, Hormonal Proteins 
and Peptides, 2:46, Academic Press (1983); Merrifield, Adv. Enzymol. 32:221-96 (1969); 
Fields, et al, Intl. Peptide Protein Res., 35:161-214 (1990), and U.S. Pat. No. 4,244,946 for 
sohd phase peptide synthesis; and Schroder et al. The Peptides, Vol 1, Academic Press 
(New York) (1965) for classical solution synthesis. Protecting groups usable in synthesis 
are described as well in Protective Groups in Organic Chemistry, Plenum Press, New York 
(1973). Solid phase synthesis methods consist of the sequential addition of one or more 
amino acid residues or suitably protected amino acid residues to a growing peptide chain. 
Either the amino or carboxyl group of the first amino acid residue is protected by a suitable 
selectively removable protecting group. A different, selectively removable protecting group 
is utilized for amino acids containing a reactive side group such as lysine. 

The resultant linear peptides may then be reacted to form their corresponding cyclic 
peptides. A method for cyclizing peptides is described in Zimmer, et al. Peptides, 393-394 
(1992), ESCOM Science Publishers, B.V., 1993. To cyclize peptides containing two or 
more cysteines through the formation of disulfide bonds, the methods described by Tam et 
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al, J. Am. Cheau Soc, 113 :6657-6662 (199 1); Plaue, Mt. J. Peptide Protein Res., 
35:510-517 (1990); Atherton, J. Chem. Soc. Trans. 1:2065 (1985); B. Kambear, et a/..Helv. 
Chim. Acta 63:899 (1980) are useM ib some embodiments. Polypeptide cycUzation is a 
useM modification to generate modified peptides ie.g., peptidomimetics) because of the 
stable stractures fonned by cyclization and in view of the biological activities observed for 
cyclic peptides. 

Alternatively, selected peptides which are useful in the present invention are 
produced by expression of recombinant DNA constructs prepared in accordance with 
well-known methods once the pqptides are known. Such production can be desirable to 
provide large quantities or alternative embodiments of such compounds. Production by 
recombmaat means may be more desirable than standard solid phase peptide synthesis for 
peptides of at least 8 amino acid residues. The DNA encoding the desired peptide sequence 
is preferably prepared using commercially available nucleic acid synthesis methods. 
Following these nucleic acid synthesis methods, DNA is isolated in a purified form which 
encodes the peptides. Methods to construct expression systems for production of peptides 
in recombinant hosts are also generally known in the art. Preferred recombinant expression 
systems, when transformed into compatible hosts, are capable of e^cpressing the DNA 
encoding the peptides. Other preferred methods used to produce peptides comprise 
culturing the recombinant host under conditions that are effective to boring about expression 
of the encoding DNA to produce the peptide of the invention and ultimately to recover the 
peptide fi:om the culture. 

Expression can be effected in either procaryotic or eukaryotic hosts. Prokaryotes 
most fixsquently are represented by various strams oiE. coli. However, other microbial 
strains may also be used, such as bacilli, for example Bacillus subtilis, various species of 
Pseudomonas, or other bacterial shains. In such procaryotic systems, plasmid vectors which 
contain repUcation sites and control sequences derived from a species compatible with the 
host are used. Por example, a workhorse vector for E. coli is pBR322 and its derivatives. 
Commonly used procaryotic control sequences, which contain promoters for transcription 
initiation, optionally with an operator, along with ribosome binding-site sequences, include 
such commonly used promoters as the beta-Iactamase (penicillinase) and lactose (lac) 
promoter systems, the tryptophan (tip) promoter system, and the lambda-derived Pl 
promoter and N-gene ribosome binding site. However, any available promoter system 
compatible with procaiyote expression can be used. 
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Expression systems usefiil in eukaiyotic hosts comprise promoters derived from 
appropriate eukaiyotic genes. A class of promoters useful in yeast, for example, includes 
promoters for synthesis of glycolytic enzymes, e.g., those for 3-phosphoglyceTate kinase. 
Other yeast promoters include those &om the enolase gene or the Leu2 gene obtained &om 
YEpl3. Suitable mammalian promoters include the early and late promoters from SV40 or 
other viral promoters such as those derived firom polyoma, adenovirus II, bovine papilloma 
virus or avian sarcoma viruses. Suitable viral and mammalian enhancers may also be used. 
In the event plant cells are used as an expression system, the nopaline synthesis promoter, 
for example, is appropriate. 

Once the expression systems are constructed using well-known restriction and 
ligation techniques, transformation of appropriate host cells is done using standard 
techniques appropriate to such cells. The cells containing the expression systems are 
cultured under conditions ^propriate for production of the peptides, and the peptides are 
then recovered and purified. 

In a preferred embodiment, the peptide agent that specifically binds an integrin of 
interest (e.g., a5pl) is used in a method of the mvention where tlae peptide binds to integrin 
with at least about a two-fold greater, more preferably at least about five-fold greater, even 
more preferably at least about ten-fold greater, and most preferably at least about one 
hundred-fold greater, specificity for the integrin of interest than for another integrins. 

In still fiffther embodiments, modified peptides which inhibit the specific binding of 
an integrin of interest to one or more of its ligands include a peptidomimetic, i.e., an organic 
molecules that mimics the stmcture of a peptide; or a peptoid such as a vinylogous peptoid. 
Methods for generating libraries of mhnetics and for evaluating the library of immetics for 
inhibiting the binding of receptors to their ligands are known in the art {See e.g., Souers et 
ai, Bioorg. Med. Chem. Lett., 8:2297-2302 (1998)). Other peptides useful as integrin 
antagonists that reduce or inhibit angiogeuesis can be purchased firom commercial sources, 
and can be identified by screening libraries of peptides, which can be prepared using well 
known methods of chemical synthesis, {See e.g., Koivunen et al, J. Cell Bio., 124:373-380 
(1994)). For example, peptide agonists of integrms of mterest may be identified using 
methods known in the art, such as by panning phage-display peptide libraries as described in 
U.S. 5,780,426 to Paliadino et al, the satire contents of which are herein incorporated by 
reference. For example, phage-display peptide libraries are panned with the receptor of the . 
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integiin of interest attached to a solid support, such as a small diameter (1 nm) polystyrene 
latex beads. Phage selected by this method can then be tested for specific binding to the 
integrin of interest via EUSA or other immunologically-based assays. Individual peptide 
sequences are then determined via sequencing of phage DNA. Further analysis of the 
minimal peptide sequence required for binding can be assessed via deletion and site-directed 
mutagenesis, followed by testing of the phage for binding to the integrin of interest via 
ELISA. Since the identified peptide candidates are fiised to the major phage coat protein, 
soluble peptides are then chemically synthesized and the activity of these firee peptides are 
tested in various in vitro and in vivo assays for the abihty to act as antagonists of the 
receptor of the integrin of interest. 

C. Nucleic acid sequences 

In still other alternative embodiments, the agent employed to inhibit angiogenesis, 
cell migration, cell adhesion and/or cell survival is a nucleic acid which inhibits the specific 
binding of an integrin of interest (including, but not limited to, integrins: avpl; avpS; ocvpS; 
avp6; avp8; alpl; a2pl; a4pl; aSpi; a6pi; aVpi; aSpi; a9pi; aiopi; a6p4; a4p7; aMp2; 
aLp2; aXp2; and anpp2) with its corresponding Ugand(s). For example, the present 
invention contemplates that oligonucleotides, polynucleotides, and firagments or portions 
thereof, DNA or RNA of genomic or synthetic origin which may be single- or 
double-stranded, and represent the sense or antisense strand are useful in some embodiments 
of the present invention. The present invention fiirther contemplates that nucleic acid 
sequences which are particularly useftil in the instant invention include, without limitation, 
antisense sequences and ribozymes. The nucleic acid sequences are contemplated to bind to 
genomic DNA sequences or RNA sequences which encode the integrin of interest or one or 
more of its ligands, thereby inhibiting the binding of the integrin of interest with one or 
more of its ligands. Antisense and ribozyme sequences may be delivered to cells by 
transfecting the cell with a vector that expresses the antisense nucleic acid or the ribozyme 
as an mRNA molecule. Alternatively, delivery maybe accomplished by entrapping 
ribozymes and antisense sequences in liposomes. 

1. Antisense sequences 

As used herein, the term "antisense" is used in reference to DNA or ENA sequences 
that are complementary to a specific DNA or RNA sequence (e.g. , mRNA). Included within 
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this definition are antiseajse RNA ("asRNA") molecules involved in gene regulation by 
bacteria. Antisense sequences have been successfully used to inhibit the expression of 
several genes {See e.g., Markus-Sekura, Anal. Biocbem. 172:289-295 (1988); Hambor et cd., 
J. Eiq). Med., 168: 1237-1245 (1988); and patent EP 140 308), including the gene encoding 
VCAMl, one of the integrin a4pi ligands (U.S. 6,252,043, incorporated in its entirety by 
reference). A "sense strand" of a DNA duplex refers to a strand in a DNA duplex which is 
transcribed by a cell in its natural state into a "sense triRNA." Sense mKNA generally is 
ultimately translated into a polypeptide. Thus, in some embodiments, an antisense DNA 
sequence is a sequence wMch has the same sequence as the non-coding strand in a DNA 
duplex, and which encodes an antisense RNA, i.e., a ribonucleotide sequence whose 
sequence is complementary to a sense ulRNA sequence. The designation (-) {i.e., 
"negative") is sometimes used in reference to the antisense strand, with the designation (+) 
sometimes used in reference to the sense (i.e., "positive") strand. Antisense RNA may be 
produced by any method, including synthesis by splicing an antisense DNA sequence to a 
promoter which permits the synthesis of antisense RNA The transcribed antisense RNA 
strand combines with natural mRNA produced by the cell to form duplexes. These duplexes 
then block either ihe ftirther transcription of the mRNA or its translation, or promote its 
degradation. 

Any antisense sequence is contemplated to be withia the scope of this invention if it 
is capable of reducing the level of expression of iJie integrin of interest and/or one or more 
of its ligands {e.g., VCAM and fibronectin) to a quantity which is less than the quantity of 
the integrin of interest or the ligand of the integrin of interest in a corresponding control 
tissue which is (a) not treated with the antisense integrin or integrin ligand sequence, (b) 
treated with a corresponding sense integrin or integrin ligand sequence, or (c) treated with a 
nonsense sequence. 

Antisense integrin sequences and antisense integrin ligand sequences within the 
scope of this invention may be designed using approaches known in the art. hi a preferred 
embodiment, the antisense integrin sequences and antisense integrin ligand sequences are 
designed to be hybridizable to mRNA of the integrin of interest or to the mRNA of the 
lignad of the integrin of interest. Alternatively, in some other embodiments, antisense 
integrin or integrin ligand sequences may be designed to reduce transcription by hybridizing ' 
to iqjstream nontranslated sequences, thereby preventing promoter binding to transcription 
factors. 
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la a preferred onbodiment, the antisense oligonucleotide sequences of the- invention 
range in dze ftom about 8 to about 100 nucleotide residues, in yet a more preferred 
embodiment, the oligomicleotide sequences range in size from about 8 to about 30 
nucleotide residues. In a most preferred embodiment, the antisense sequences have 20 
nucleotide residues. 

However, tiie invention is not intended to be limited to the number of nucleotide 
residues in the oligonucleotide sequence disclosed herein. Any oligonucleotide sequence 
which is capable of reducing expression of the integrin of interest or of the ligand of the 
integrin of interest is contemplated to be within the scope of this invention. For example, 
oUgonucleotide sequences may range in size from about 3 nucleotide residues to the entire 
integrin or integrin ligand cDNA sequence. The art skilled know that the degree of 
sequence uniqueness decreases with decreasing length, thereby reducing the specificity of 
the oligonucleotide for mRNA of the integrin of interest, or to the mRNA of the ligand of 
the integrin of interest. 

The antisense oligonucleotide sequences which are useful in the methods of the 
instant invention may comprise naturally occurring nucleotide residues as well as nucleotide 
analogs. Nucleotide analogs may include, for example, nucleotide residues which contain 
altered sugar moieties, altered inter-sugar linkages {e.g., substitution of the phosphodiester 
bonds of the oligonucleotide witli sulfur-containing bonds, phosphorothioate bonds, alkyl 
phosphorothioate bonds, N-alkyl phosphoramidates, phosphorodithioates, alkyl 
phosplionates and short chain alkyl or cycloalkyl stmctures), or altered base units. 
Oligonucleotide analogs are desirable, for example, to increase the stability of the antisense 
oligonucleotide compositions under biologic conditions since natural phosphodiester bonds 
are not resistant to nuclease hydrolysis. Oligonucleotide analogs may also be desirable to 
improve incorporation efficiency of the oligonucleotides into liposomes, to enhance the 
ability of the compositions to penetrate into the cells where the nucleic acid sequence whose 
activity is to be modulated is located, in order to reduce the amount of antisense 
oHgonucleotide needed for a therapeutic effect thereby also reducing the cost and possible 
side effects of treatment. 

Antisense oligonucleotide sequences may be synthesized using any of a number of 
methods known in the art, as well as usmg commercially available services (e.g., Genta, 
Inc.). Synthesis of antisense oligonucleotides maybe performed, for example, using a solid 
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support and cxMoamercially available DNA synthesizers. Alternatively, antisense 
oligonucleotides may also be syntJiesized using standard phosphoramidate chemistry 
techniques. For example, it is known in the art that for the genoration of phosphodiester 
linkages, the oxidation is mediated via iodine, while for the synthesis of phosphorothioates, 
the oxidation is mediated with ^H-l,2-benzodithioIe-3-one,l,-dioxide in acetonitrile for the 
step-wise thioation of the phosphite linkages. The thioation step is followed by a capping 
step, cleavage from the solid support, and purification on HPLC, e.g., on a PRP-1 column 
and gradient of acetonitrile in triethylammonium acetate, pH 7.0. 

In another embodiment, the antisense DNA sequence is a "vascular cell adhesion 
molecule antisense DNA sequence," Le., and antisense DNA sequence which is designed to 
bind with at least a portion of the genomic sequence or with mRNA of an integrin of 
interest. 

2. Ribozymes 

In still other alternative embodiments, the agent which inhibits the specific binding 
of integrin of interest to its ligand is a ribozyme. Ribozyme sequences have been 
successfully used to inhibit the expression of several genes including the gene encoding 
VCAMl, which is one of the integrin a4pl ligands (U.S. 6,252,043, incorporated by 
reference in its enturety). 

The term "ribozyme" refers to an RNA sequence that hybridizes to a complementary 
sequence in a substrate RNA and cleaves the substrate RNA in a sequence specific manner 
at a substrate cleavage site. Typically, a ribozyme contains a "catalytic region" flanked by 
two "binding regions." The ribozjane binding regions hybridize to the substrate KNTA, while 
the catalytic region cleaves the substrate RNA at a "substrate cleavage site" to yield a 
"cleaved RNA product," The nucleotide sequence of the ribozyme binding regions may be 
completely complementary or partially complementary to flie substrate RNA sequence with 
which the ribozyme binding regions hybridize. Complete complementarity is preferred in 
order to increase the specificity, as weU as the turnover rate {le., the rate of release of the 
ribozyme from the cleaved RNA product), of the ribozyme. Partial complementarity, while 
less preferred, may be used to design a ribozyme binding region containing more than about 
10 nucleotides. While contemplated to be within the scope of the claimed invention, partial 
complementarity is generally less prefenred than complete complementarity since a binding 
region having partial coinplemeatarity to a substrate RNA exhibits reduced specificity and 
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tumovesr rate of tiie ribozyme vfhea eonrpared to the specificity and turnover rate of a 
ribozyme which contains a binding region having complete complemeaitarity to the substrate 
UNA. A ribozyme may hybridize to a partially or completely complemetary DNA sequence 
but cannot cleave the hybridized DNA sequence smce ribozyme deavage requires a 2'-0H 
on the target molecule, which is not available on DNA sequences. 

The ability of a ribozyme to cleave at a substrate cleavage site may readily be 
determined using methods known in the art. These methods include, but are not Umited to, 
the detection (e.g., by Northern blot analysis as described herein, reverse-transcription 
polymerase chain reaction (RT-PCR), in situ hybridization and the like) of reduced in vitro 
or in vivo levels of RNA which contains a ribozyme substrate cleavage site for which the 
ribozyme is specific, compared to the level of RNA in controls (e.g.. in the absence of 
ribozyme, or in the presence of a ribozyme sequence which contains a mutation in one or 
both unpaired nucleotide sequences which renders the ribozyme incapable of cleaving a 
substrate RNA). 

Ribozymes contemplated to be within the scope of this invention include, but are not 
restricted to, hammerhead ribozymes (See. e.g, Reddy et al, U.S. 5,246,921; Taira et al, 
U.S. 5,500,357; Goldberg et al, U.S. 5,225,347 the contents of eax;h of which are herem 
incoiporated by reference). Group I intron ribozyme (fee e.g.,Krugere? a/.. Cell, 31:147- 
157 (1982)), ribonuclease P (See e.g., Guerrier-Takada et al. Cell, 35:849-857 (1983)), 
hairpin ribozyme (See e.g., Hampel et al, U.S. 5,527,895 incoiporated by reference), and 
hepatitis delta virus ribozyme (See e.g., Wu et al Science, 243:652-655 (1989)). 

A ribozyme may be designed to cleave at a substrate cleavage site in any substrate 
RNA so long as the substrate RNA contains one or more substrate cleavage sequences, and 
the sequences flanking the substrate cleavage site are known. Expression in vivo of such 
ribozymes and the resulting cleavage of RNA transcripts of a gene of interest would in 
effect reduce or ablate expression of the corresponding gene. 

For example, where the ribozyme is a hammerhead ribozyme, the basic principle of a 
hammerhead ribozyme design involves selection of a region in the substrate RNA which 
contains a substrate cleavage sequence, creation of two stretches of antisense 
oligonucleotides (i.e., the binding regions) which hybridize to sequence flanking the 
substrate cleavage sequence, and placing a sequence which forms a hammeihead catalytic 
region between the two binding regions. 
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Jd. order to select a region in the substrate RNA which contains candidate substrate 
cleavage sites, the sequence of tiie substrate RNA needs to be determined. The sequence of 
RNA encoded by a genomic sequence of interest is readily determined using methods 
known in the art. For exan^le, the sequence of an RNA transcript may be arrived at either 
manually, or using available computer programs (e.g., GENEWORKS, &om InteUiGenetic 
Inc., or RNADRAW available from the internet at ole@niango.mef.ki.se), by changing the 
T in the DNA sequence encoding the RNA transcript to a U. 

Substrate cleavage sequences in the target RNA may by located by searching the 
RNA sequence using available computer programs. For example, where the ribozyme is a 
hammerhead ribozyme, it is known in the art that the catalytic region of the hammerhead 
ribozyme cleaves only at a substrate cleavage site wliich contains aNUH, where N is any 
nucleotide, U is a uridine, and H is a cytosine (C), uridine (U), or adenine (A) but not a 
guanine (G). The U-H doublet in the NUH cleavage site does not include a U-G doublet 
since a G would pair with the adjacent C in the ribozyme and prevent ribozyme cleavage. 
Typically, N is a G and H is a C. Consequently, GUC has been found to be the most 
efficient substrate cleavage site for hammerhead ribozymes, altiiough ribozyme cleavage at 
cue is also efficient. 

In a preferred embodiment, the substrate cleavage sequence is located in a loop 
structure or in an unpaked region of the substrate RNA. Computer programs for the 
prediction of RNA secondary structure formation are known hi the art and include, for 
exmople, "RNADRAW" (ole@mango.mef.ki.se); "RNAFOLD;" Hofacker et al. 
Monatshefte F. Chemie, 125:167-188 (1994); McCaskUl, Biopoiymers, 29:1105-1 1 19 
(1990); and "DNASIS" (Hitachi), and The Vienna Padcage (ftp://nrcbsa.bio.nrc.ca/pub and 
ftp ://ftp.itc.univie.ac. at). 

In addition to the desirabihty of selecting substrate cleavage sequences which are 
located in a loop structure or an unpaired region of the substrate RNA, it is also desnable, 
though not required, that the substrate cleavage sequence be located downstream (i.e., at tbe 
3'-end) of the translation start codon (AUG or GUG) such that the hranslated truncated 
polypeptide is not biologically fimctional. 

It is known in the art that the specificity of ribozyme cleavage for a substrate RNA 
molecule is determined by the sequence of nucleotides which flank the substrate cleavage 
site and which hybridize witii the ribozyme binding regions. Thus, ribozymes can be 
designed to cleave at different locations withm a substrate RNA molecule by altering the 
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sequence of the binding regions that surround the ribozyme catalytic region of the ribozytne 
such that the binding regions hybridize with any known sequence on the substrate RNA- 

In addition to varying the sequence of the binding regions to effect binding to 
different locations on the RNA substrate, tiie number of nucleotides in each of the ribozyme 
binding regions may also be altered in order to change the specificity of the ribozyme jfor a 
given location on the RNfA substrate. The number of nucleotides in a binding region is 
preferably between about 5 and about 25 nucleotides, more preferably between about 1 1 and 
about 15 nucleotides, yet more preferably between about 7 nucleotides and about 10 
nucleotides. 

One of skill in the art appreciates that it is not necessary that the two binding regions 
which flank the ribozyme catalytic region be of equal length. Binding regions which 
contain any number of nucleotides are contemplated to be within the scope of this invention 
so long as the desirable specificity of the ribozyme for flie RNA substrate and the desirable 
cleavage rate of the RNA substrate are achieved. One of skill in the art knows that binding 
regions of longer nucleotide sequence, while increasing the specificity for a particular 
substrate RNA sequence, may reduce the ability of the ribozyme to dissociate &om the 
substrate RNA following cleavage to bind with another substrate RNA molecule, thus 
reducing the rate of cleavage. On the other hand, though binding regions wifti shorter 
nucleotide sequences may have a higher rate of dissociation and cleavage, specificity for a 
substrate cleavage site may be compromised. 

It is well within the skill of the art to determuie an optimal length for the binding 
regions of a ribozyme such that a desirable specificity and rate of cleavage are achieved. 
Both the specificity of a ribozyme for a substrate RNA and the rate of cleavage of a 
substrate RNA by a ribozyme maybe determined by, for example, kinetic studies in 
combination with Northern blot analysis or nuclease protection assays. 

In a preferred embodiment, the complementarity between the ribozyme binding 
regions and the substrate RNA is complete. However, the invention is not limited to 
ribozyme sequences in which the binding regions show complete complementarity with the 
substrate RNA. Complementarity may be partial so long as the desired specificity of the 
ribozyme for a substrate cleavage site, and the rate of cleavage of the substrate RNA are 
achieved. Thus, base changes may be made in one or both of the ribozyme binding regions 
as long as substantial base pairing with the substrate RNA in the regions flanking the 
substrate cleavage sequence is maintained and base pairing with the substrate cleavage 
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sequence is minimized. The term "substantial base pairing" means that greater than about 
65%, more preferably greatea: than about 75%, and yet more preferably greater than about 
90% of tiie bases of the hybridized sequences are base-paired. 

It may be desirable to increase the intracellular stability of ribozymes expressed by 
sax expression vector. This is achieved by designing the expressed ribozyme such that it 
contains a secondary stmctur© (e,g., stem-loop structures) within tiie ribozyme molecule. 
Secondary structure which are suitable for stabilizing ribozymes include, but are not 
limited to, stem-loop structures formed by intra-strand base pairs. An alternative to the use 
of a stem-loop structure to protect ribozymes against ribonuclease degradation is by the 
insertion of a stem loop at each end of the ribozyme sequence. (See e.g. , Sioud and Drlica, 
Proc. Natl. Acad. Sci. U.S.A., 88:7303-7307 (1991)). Other secondary structures which are 
useful in reducing the susceptibility of a ribozyme to ribonuclease degradation include 
hairpin, bulge loop, interior loop, multibranched loop, and pseudolcnot structure as 
described in "Molecular and Cellular Biology," Stephen L. Wolfe (Ed), Wadsworth 
Publishing Company (1993) p. 575. Additionally, circularization of the ribozyme molecule 
protects against ribonuclease degradation since exonuclease degradation is initiated at either 
the 5 '-end or 3 '-end of the KNA. Methods of expressing a circularized KNA are known in 
tiie art. (See. e.g., Puttar^u et al, Nucl. Acids Res., 21 :4253-4258 (1993)). 

Once a ribozyme with desirable binding regions, a catalytic region and nuclease 
stability has been designed, the ribozyme may be produced by any known means including 
chemical synthesis. Chemically synthesized ribozymes may be introihiced into a cell by, for 
example, microinjection electroporation, lipofection, etc. In a preferred embodiment, 
ribozymes are produced by expression from an ejqpression vector which contains a gene 
encoding the designed ribozyme sequence, 

D. Other agents 

While the specific embodiments of the present invention are illustrated using 
antibodies, peptides, and nucleic acid sequences that inhibit the specific binding of integrin 
of interest to one or more of ligaads, the invention expressly contemplates within its scope 
that other agents (e.g., organic molecules, inorganic molecules, and more specifically, drugs 
etc.) are useful in the methods of the invention, so long as the selected agent is capable of 
inhibiting the specific binding of an integrin of interest to one or more of its hgands, thereby 
reducing PKA catalytic activity. Such agents may be identified by screemng libraries of test 
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(jompouads using, for exanrple, a competitive binding assay or a cell adhesion assay. In a 
competitive binding assay, for example, an integrin of interest {e.g., aSpi) is coated on 
plastic microtiter plates and contacted with a labeled known inte^ Ugand {e.g. , a5pi 
ligand). The test compounds are tested for their ability to bhibit binding of the labeled 
ligand to the integrin of interest. Compounds which inhibit such binding are identified as 
agents which are enable of inhibiting the specific binding of the integrin of interest to its 
ligand. 

Alternatively, in a cell adhesion assay, a labeled known integrin ligand is coated on 
culture plates, and cells which express the integrin of interest are allowed to adhere to the 
ligand for 20-30 min in the presence of libraries of test compounds. Compound which 
inhibit the binding of the integrin expressing cells to the coating of integrin ligand are 
. identified as agents which inhibit the specific bindmg of integrin of interest to its Hgand(s). 

V. Pharmaceutical formulations, administration routes, and dosing considerations 

The present invention provides pharmaceutical compositions comprising at least one 
PKA activating and/or integrin ligation antagonistic compound adaiinistered in any sterile, 
biocompatible pharmaceutical carrier, including, but not limited to, salme, buffered saline, 
dextrose, and water. 

In some embodiments, the pharmaceutical compositions of the present invention 
may contain one agent (eg., a PKA activating agent). In other embodiments, the 
pharmaceutical compositions may contain a mixture of at least two agents (e.g. , a PKA 
activating agent(s) and integrin ligation inhibiting agent(s)) of similar or dissimilar type co- 
administered to a subject. In still further embodiments, the pharmaceutical compositions of 
the present invention contain at least two agents {e.g., a PKA activating agent(s) and 
integrin hgation inhibiting agent(s)) that are administered to a patient under one or more of 
the following conditions: at different periodicities, different durations, different 
concentrations, different adnoinistration routes, etc. 

The compositions and methods of the present invention find use in treating diseases 
or altering physiological states characterized by undesirable cell migration, angiogenesis, or 
apoptotic control. 

The invention contemplates administering therapeutic compounds and, in some 
embodiments in accordance with acceptable pharmaceutical dehvery methods and 
preparation techniques. For example, some therapeutic compounds of the present invention 
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can be administered to a subject intravenously in a pharmaceutically acceptable carrier such 
as physiological saline. Standard methods for intracellular delivery of phannaceutical 
agents can be used (e.g., delivery via liposome). Such methods are well known to those of 
ordinaiy skill in the art. 

In some other embodiments, the formulations of the present invention are useful for 
parenteral administration, such as intravenous, subcutaneous, intramuscular, and 
intraperitoneal. Therapeutic co-administration of some contemplated anticancer agents 
(e.g., therapeutic polypeptides) caa also be accomplished using gene ther^y as described 
above. 

As is well Imown in the medical arts, dosages for my one patient depends upon 
many factors, including the patient's size, body surface area, age, the particular compound to 
be administered, sex, time and route of administration, general health, and interaction with 
other drugs bemg concurrently administered. Routine methods are available for 
optimization of dosages. 

In some embodiments of the present invention, ther^eutic cotnpounds are 
administered to a patient alone, or in combination with one or more other drugs or therapies 
ie.g., conventional anticancer agents, including, but not Umited to, nucleotide sequences, 
drugs, homiones, etc.) or in pharmaceutical compositions where it is mixed with 
e«cipient(s) or ofha- pharmaceutically acceptable carriers. In one embodiment of the 
present invention, the pharmaceutically accq)table carrier is pharmaceutically inert. 

Depending on the condition being treated, these pharmaceutical compositions may 
be formulated and administered systemically or locally. Techniques for formulation and 
administration maybe found in the latest edition of "Remington's Pharmaceutical Sciences" 
(Mack Publishing Co, Easton Pa.). Suitable routes may, for example, include oral or 
transmucosal administration; as well as parenteral delivery, including intramuscular, 
subcutaneous, intramedullary, intrathecal, intraventricular, intravenous, intraperitoneal, or 
intranasal administration. 

For injection, the pharmaceutical compositions of the invention maybe formulated 
in aqueous solutions, preferably in physiologically compatible buffers such as Hanks' 
solution, Ringer's solution, or physiologically buffered saline. For tissue or cellular 
administration, penetrants appropriate to the particular barrier to be permeated are used in 
the formulation. Such penetrants are generally known in the art. 
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Jn Other embodimeiilB, the pharmaceuticaJi compositions of the present invention can 
be fonnulated using pharmaceuticaMy acceptable carriers well known in flie art in dosages 
siiitable for oral admimstration. Such carriers enable the pharmaceutical compositions to be 
formulated as tablets, pills, capsules, liquids, gels, syrups, slurries, suspensions and the like, 
for oral or nasal ingestion by a paticait to be treated. In some preferred embodiments, the 
therapeutic compounds are administered orally to a patient orally. 

Pharmaceutical compositions suitable for use in the present invention include 
compositions wherein the active ingredients are contained in an effective amount to achieve 
the intended purpose. For example, an effective amount of therapeutic compound(s) may be 
that amount that inhibits angiogenesis, cell migration, cell adhesion, and/or cell survival in a 
cell as compared to control cells. Determination of effective amounts is well within the 
c^abUity of those skilled in the art, especially in hglit of the disclosure provided herein. 

In addition to the active ingredients, preferred pharmaceutical compositions may 
contain suitable pharmaceutically acceptable carriers comprising excipients and auxiliaries 
that facilitate processing of the active compounds into preparations which can be used 
pharmaceutically. The preparations formulated for oral admimstration may be in tiie form 
of tablets, dragees, capsules, or solutions. 

The pharmaceutical compositions of the present invention may be manufactured m a 
manner that is itself known (e.g., by means of conventional mixing, dissolving, granulating, 
dragee-makmg, levigating, emulsifying, encapsulating, entrapping or lycphilizing 
processes). 

Pharmaceutical formulations for parenteral administiration inchide aqueous solutions 
of tlie active compounds in water-soluble form. Additionally, suspensions of the active 
compounds may be prepared as qjpropriate oily injection suspensions. Suitable lipophilic 
solvents or vehicles include fatty oils such as sesame oil, or synthetic fatty acid esters, such 
as ethyl oleate or triglycerides, or liposomes. Aqueous injection suspensions may contain 
substances that increase the viscosity of the suspension, such as sodium carboxymethyl 
cellulose, sorbitol, or dextran. Optionally, the suspension may also contain suitable 
stabilizers or agents that increase the solubility of the compounds to allow for tiie 
preparation of highly concentrated solutions. 

Pharmaceutical preparations for oral use can be obtauied by combining the active 
compounds (e.g., PKA activator compounds and/or integrin ligation antagonists) with solid 
excipient, optionally grinding a resulting mixtare, and processmg tiie mixture of gr^ules. 
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after adding suitable auxiliaries, if desired, to obtain tablets or dragee cores. Suitable 
excipients are carbohydrate or protein fillers sudi as sugars, including lactose, sucrose, 
mannitol, or sorbitol; starch from com, wheat, rice, potato, etc.; cellulose such as mefbyl 
cellulose, hydroxypropylmethyl-cellulose, or sodium carboxymethylcellulose; and gums 
including arabic and tragacanth; and proteins such as gelatin and collagen. If desired, 
disintegrating or solubilizing agents maybe added, such as the ctoss-Iinked polyvinjd 
pyrrolidone, agar, alginic add or a salt thereof such as sodium alginate. 

Ingestible formulations of the present compositions may further include any material 
approved by the United States Department of Agriculture for inclusion in foodstuffs and 
substances that are generally recognized as safe (GRAS), such as, food additives, flavorings, 
colorings, vitamins, minerals, and phytonutrients. The term phytonutrients as used herein, 
refers to organic compounds isolated from plants that have a biological effect, and includes, 
but is not limited to, compounds of the following classes: isoflavonoids, oUgomeric 
proaathcyanidins, indol-3-carbinol, sulforaphone, fibrous hgands, plant phytosterols, ferulic 
aci4 anthocymocides, triterpenes, omega 3/6 fatty acids, polyacetylene, quinones, terpenes, 
cathechins, gaUates, and quercitin. 

Dragee cores are provided with suitable coatings such as concentrated sugar 
solutions, which may also contain gum arabic, talc, polyvinylpyrrolidone, carbopol gel, 
polyethylene glycol, and/or titanium dioxide, lacquer solutions, and suitable organic 
solvents or solvent mixtures. Dyestuffe or pigments may be added to the tablets or dragee 
coatings for product identification or to characterize the quantity of active compound, (?.&, 
dosage). 

Pharmaceutical preparations that can be used orally include push-fit capsules made 
of gelatin, as well as soft, sealed capsules made of gelatin and a coating such as glycerol or 
sorbitol. The push-fit capsules can contam the active ingredients mixed with a filler or 
binders such as lactose or starches, lubricants such as talc or magnesium stearate, and, 
optionally, stabilizers. In soft capsules, the active compounds maybe dissolved or 
suspended in suitable liquids, such as fatfy oils, liquid paraffin, or liquid polyethylene glycol 
with or without stabiUzers. 

Compositions comprising a compound of the invention formulated in a 
pharmaceutical acceptable carrier may be prepared, placed in an appropriate container, and 
labeled for treatment of an indicated condition. For ther^eutic compounds, conditions 
indicated on the label may inchide treatment of conditions related to faulty regulation of 
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apoptosis, hyperproEferative diseases, cancers, atigiogaaesis, fibrosis, psoriases, leakemia, 
lymphomas, arthritis, graft rejection, degenerative conditions, and vascular diseases and the 
like. The pharmaceutical compositiGais may be provided as a salt and can be formed with 
many acids, including but not limited to hydrochloric, sulfuric, acetic, lactic, tartaric, malic, 
succinic, etc. Salts tend to be more soluble in aqueous or other protonic solvents that are tiie 
corresponding free base forms. In olher cases, the preferred preparation may be a 
lyophilized powder in 1 mM-50 mM histidine, 0.1%-2% sucrose, 2%-7% mannitol at a pH 
range of 4.5 to 5.5 tiiat is combined with buffer prior to use. 

For any compound used in the method of the invention, the therapeutically effective 
dose can be estimated initially from cell culture assays. Then, preferably, dosage can be 
formulated m anhnal models (particularly murine models) to achieve a desirable circulating 
concentration range that results in increased PKA activity in cells/tissues characterized by 
undesirable cell migration, angiogenesis, cell migration, cell adhesion, and/or cell survival. 
A therapeutically effective dose refers to that amount of therapeutic compound(s) that 
ameliorate symptoms of the disease state {e.g., unregulated angiogenesis, cell migration, 
and/or apoptosis). Toxicity and therapeutic efficacy of such compounds can be determined 
by standard pharmaceutical procedures in cell cultures or experimental animals, e.g., for 
detennining the LD50 (the dose lethal to 50% of the population) and the ED50 (the dose 
therapeutically effective in 50% of the population). The dose ratio betweai toxic and 
therapeutic effects is the therapeutic index, and it can be expressed as the ratio LD50/ED50. 
Compounds that exhibit large therapeutic indices are preferred. The data obtained from cell 
culture assays and additional animal studies can be used in formulating a range of dosage, 
for example, mammalian use (e.g., humans, Equus caballus, Felis catus, and Canis 
familiaris, etc.). The dosage of such compounds lies preferably, however the present 
invention is not limited to this range, within a range of circulating concentrations that 
include the ED50 with Uttte or no toxicity. The dosage varies within this range depending 
upon the dosage form eratployed, sensitivity of the patieait, and the route of administiration. 

The exact dosage is chosen by the mdividual physician in view of the patient to be 
treated. Dosage and administration are adjusted to provide sufQcient levels of the active 
moiety or to maintain the desired effect. Additional factors which may be taken into 
account include Ihe severity of the disease state; age, weight, and gender of the patient; diet, 
time and frequency of administration, drag combination(s), reaction sensitivities, and 
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tolerance/response to therapy. Long acting pharmaceutical compositions mi^t be 
administered every 3 to 4 days, every week, or once every two weeks depending on half-life 
and clearance rate of the particular formulation. Other pharmaceutical conipositions may be 
administered daily or several times a day. 

Normal dosage amounts may vary from 0. 1 to 100,000 micrograms, up to a total 
dose of about 1 g, depending upon the route of adnainistration. Guidance as to particular 
dosages and methods of delivery is provided in the literature (See. U.S. Pat. Nos. 4,657,760; 
5,206,344; or 5,225,212, all of wliich are herein incorporated by reference). Administration 
of some agents to a patient's bone marrow may necessitate delivery in a manner different 
from intravenous inj ections. 

Preferred embodiments of the present invention provide pharmaceutical 
compositions and methods for administering an effective amount of therapeutic 
compound/agent to a patient to inhibit angiogenesis, cell migration, cell adhesion, and/or 
cell survival In preferred embodiments, the subject has a disease characterized by the 
undesirable angiogenesis, cell migration, cell adhesion, and/or cell survival. For example, 
in some preferred embodunents, the subject has a cancer including, but not limited to, breast 
cancer, prostate cancer, lymtphoma, skin cancer, pancreatic cancer, colon cancer, melanoma, 
ovarian cancer, brain cancer, liver cancer, bladder cancer, non-small lung cancel-, cervical 
carcmoma, myeloma, adrenal carcinoma, leukemia, neuroblastoma, and glioblastoma. 
However, the present invention is not intended to be limited to treating any particular type 
of cancer. 

In some embodiments, diseases suspected of being characterized by having 
undesirable angiogenesis, cell migration, cell adhesion, and/or cell survival suitable for 
treatment by the present invention are selected by obtainiig a sample of interest (e.g., cells, 
tissues, fluids, etc.) and by measuring one or more maikeas (e.g., protein levels) of these 
undesurable states usmg one or more well established inununohistochemical techniques 
(e.g., ELISA and Western blots, eta), and comparing the sample's indicators against the 
markers measured m relevant reference nonpathological cells and/or tissues, hi still other 
embodiments, diseases suspected of being ameliorated by the therapeutic compounds and 
methods of the present invention are selected by comparing levels of one or more markers 
ie.g., polynucleotides, polypeptides, lipids, etc.) in a sample (e.g., cells, tissues, fluids, etc.) 
that directly or indirectly mdicate undesirable cellular angiogenesis, cell migration, cell 
adhesion, and/or cell survival in the sample as compared to levels of these markers in 
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relevant nonpathological santples. 

Ih some preferred embodiments, therapeutic compounds of the pr^ent invention are 
administered to a patient at a dosage range of about 1 to 200 mg/day, from about 5 to 50 
mg/day, and most preferably from about 10 to 40 mg/day, M particularly preferred 
embodiments, therapeutic compounds are administered to a patient ie.g, , orally) in a 
tolerable daily dose (e.g-., 30 to 40 mg/day) shown to have some biologic activity. 

In preferred embodiments, following treatmeut, the diseased cells and tissues are 
subjected to assays for angiogenesis, cell migration, cell adhesion, and/or cell viability, such 
as, morphological changes, DNA integrity, mitochondria pathways, alterations of expression 
of Bcl-2 family proteins, and caspase activation as well as upstream and downstream 
effectors of caspases and caspase inhibitors. Those skilled in the art will be able to readily 
design and execute assays to test these and an number of other cellular and biochemical 
parameters in the treated cells and tissues. 

EXAMPLES 

The following exanqjles are provided to demonstrate and fiirther illustrate certain 
preferred embodiments of the present invention and are not to be construed as limiting the 
scope of the present invention. 

Example 1 
Reagents 

Anti-a5pl and anti- a2pi antibodies were from Chemicon. Anti- avP3 and anti- 
(xvp5 antibodies were from David Cheresh, Scripps Research Institute. Anti-V5 and GFP 
antibodies were from Invitrogen. (Invitrogen, Corp., Carlsbad, OA). Anti-Rho, Rac, HA 
and Myc antibodies were from Santa Cruz. (Santa Cruz Biotechonology, Inc., Santa Cruz, 
CA). Tissue culture plastic including transwells were from Costar. (Coming Costar, Corp., 
Midland, MI). Fibronectin and collagen I were from Collaborative Biomedical Products 
(Bedford, MA). Vitronectin was purified from outdated human plasma by denaturing 
heparin sepharose chromatography. Poly-L-lysine was from Sigma (St. Louis, MO). 
HUVECs, EBM (minimal medium), EGM-2 (bFGF and VEGF, but no FBS) and EGM (2% 
FBS, bFGF and VEGF) were from Clonetics (San Diego, CA). cDNAs were subcloned into 
topoTA-pcDNA 3.1 V5/His according to manufacturer's directions (Invitrogen, Carlsbad, 
CA). HUVECs were cultured in EGM. All statistical analyses were perfarraed using 
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Student's t-test 

Anti-caspase antibodies were from New England Biolabs (Beverly, MA). Anti- 
PARP and FnC-Amiexin V were from Pharmingen (San Diego, CA). HA1004 was 
obtained from Biomol. Caspase inhibitors and activity assays were from Calbiochem (La 
Jolla, CA), Ten-day old chicken embryos were from Mclityre Poultry (ELamona, CA), bFGF 
was from Genzyme, Inc. (Cambridge, MA). 

Nl-GFP (green fluorescent protein) reporter and GFP expressing adenovirus vectors were 
from Dr. David Cberesh. Murine PKA catalytic subunit and dnPKA (RImut) cDNAs (from 
Dr. Susan Taylor and Dr. Stanley McKnight) were subcloned into topoTA-pcDNA 3.1 

V5/His by PCR-based TA cloning according to manufacturer's directions (Invitrogen, 
Carlsbad, CA). Myc tagged V12 Rac was from Dr. Martin Schwartz. The sequence and 
orientation of constructs were verified by DNA sequencing. Transfections were performed 
by electroporating 5 X 10^ cells in 300 |iil of EBM with a total of 30 |ig of DNA (20 (ig 
expression vectors, 2 \ig of Nl-GFP and 8 ^g of pBluescript as carrier DNA) at 300 V, 450 
iJ,F. Expression levels of the transfected PKA subunite were measured by Western blotting 
of cell lysates with anti-V5 antibodies (and with anti-GFP antibodies). Cells were cultured 
for 48 hours prior to use in experiments. 

Example 2 
Expression Constructs and Transfectlons 

Nl-GFP (green fluorescent protein) reporter vector was a gift from Dr. David 
Cheresh, The Sraripps Research Institute. dnPKA (Rlmut) cDNA was a gift from Dr. 
Stanley McRnight, University of Washington. Murine PKA catalytic subunit (PKAcat) and 
mutationally inactive PKA (dnPKj\; 41) cDNAs (gifts from Dr. Susan Taylor, University of 
California, San Diego and Dr. Renate Pilz, University of Califomia, San Diego, 
respectively) were subcloned into topoTA-pcDNA 3.1 V5/His by PCR-based TA cloning 
according to manufacturer's directions (Jnvitrogen, Carlsbad, CA). Myc tagged V12 Rac 
was a gift from Dr. Martin Schwartz, The Scripps Research Institute. HA-tagged V14Rho, 
N19 Rho, V12Rac and N17Rac as well as Myc-tagged dnPAK and dpPAK were gifts from 
Dr. Martin Schwartz, The Scripps Research Institute. The sequence and orientation of all 
constructs were verified by DNA sequencing. Transfections were performed by 
electroporating 5x10^ cells in 300 fil of EBM wifli atotal of 30 ng of DNA (20 jig 
expression vectors, 2 iig of Nl-GFP and 8 }ig of pBluescript as carrier DNA) at 300 V, 450 
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Expression levds of the transfected genes were measured by Western blotting cell 
lysates with anti-V5, anti-HA, and-Myc antibodies and/or anti-GFP antibodies. Seventy to 
ei^ty pQTceirt of cells routinely expressed the transgenes, as detennined by countmg GFP 
expressing cell. Cells were cultured for 48 hrs prior to i^e in experiments. 

Example 3 

ChorioaUantoic Membrane Angiogenesis Assays 

The CAMs of 10 day-old chicken embryos (McMtyre Poultry, Ramona, CA) were 
stimulated with 30 ng bFGF (Genzyme, Cambridge, MA) or saline as described in S Kim et 
al. (S. Kim et a/., Amer. J. Biol. Chem., 275:33920-33928 (2000); and S. Kim et al, Amer. 
J. Path., 156:1345-1362 (2000)). bFGF stimulated CAMs were transfected by direct 
appUcation of 4 fig Nl-GFP, dnPICA or PKA catalytic subunit plasmid DNA or were treated 
with 250 ]iM cAMP. Ten embryos were used per group. CAMs were fixed with 3.7% 
paraformaldehyde prior to excision. Representative CAMs were photographed at lOx 
magnification. Blood vessel branch points were counted in each CAM at 30x and graphed 
as averse branchpoints above background +/- S.E.M. per treatment group. Statistical 
analyses were performed using paired Student's t-test. Experiments were performed 3 times 
and selected representative experiments are presented. Transgene expression was verified 
by immmioblotting lysates fixim CAMs and by iramunohistochemistry of CAM 
cryosections. 

In regard to embodiments of the present invention directed to administration of PTH 
and/or PTHrP, chorioallantoic membrane angiogenesis assays were conducted as follows: 
CAMs of 1 0 day-old chicken embryos (Mchityre Poultry, Ramona, CA) were stimulated 
with 30 ng bFGF, VEGF, IL-8, TNFa (Genzynie, Cambridge, MA) or saHne as described in 
kirn etal, infra. Twenty \i\ of O.OOMO yM. PTHrP (1-173, 1-141, 1-86, 1-34, 15-34, 1-10 
or scrambled 1-10(HLQAHSVEDL) peptide fragments), calcitomn, calcitonin-gene 
related peptide (CGRP) or saline were applied to CAMs 24 hrs after stimulation. In some 
experiments, PTHrP peptides were apphed together with 10 fig function-blocking antibody 
directed against PTHrP (8B12) or 480 nM H89, a selective PKA inhibitor. Embryos 
stimulated with bFGF or VEGF were also injected intravenously with 10^ pfu of 
adenoviruses expressing GFP or PTHrP 1-173. Adenovirus expressing GFP was obtained 
from Dr. David Cheresh (Scripps Research Institute). Adenovirus ejqpressing PTHrP 1-173 
was prepared as described in R. Terkeltaub et al, infra. Additionally, W(j^ stimulated 
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CAMS were transfected by direct application of 4 p.g Nl-GFP, duPKA or PKA catalytic 
subunit plasmid DNA. In some embodimeiits, 50 mg firagments of DU145 prostate 
carcinoma cell tumors were placed on CAMs. 107 pfii of adenoviruses expressiag GFP or 
PTHrP were injected intravenously ioto embryos and tumors ware excised after 7 days. 
Tumor weights were measured. Five hundred |J,1 of 3.7% parafimnaldehyde were applied to 
CAMs prior to excision. Ten embryos were used per group. Representative CAMs were 
photographed at lOx magnification. Blood vessel branch points were counted in each CAM 
at 30x and graphed as average branchpoints above background +/- S.E.M. per treatment 
group. Statistical analyses were performed using paired Student's t-test. Unfixed CAMs 
were flash frozen, sectioned, md stained with anti-PTHrP (9H7) anti-ovps, anti-smooth 
muscle actia and anti-vWF antibodies. Experiments were performed 5-10 times and 
representative e3q)erinients are presented. 

Example 4 
Murine angiogenesis and tumor assays 

]h some embodiments murine angiogenesis and tumor assays were conducted as 
follows: matrigel induced angiogenesis assays were performed as described in EUceiri et al, 
incorporatiag saline, or 1 |ng/ml bFGF in growth factor-depleted matrigel. (_See, B.P. Eliceiri 
et al., Mol, Cell, 4:915-924 (1999)). PTHrP peptides were incorporated in the matrigel at 
10 |iM. PTHrP adenoviruses were also incorporated in the matrigel at 10^ pfu per 400^1 
matrigel. Ten animals were used per group. Statistical analyses were performed using 
paired t-test. Nude mice were inoculated With one million PTHrP negative tumor cells. 
Two weeks later, when tumors averaged 30 mm3 in volume, mice were treated for ten days 
with daily injections of saline, PTHrP or a scrambled control PTHrP peptide (1 [iM final 
concentration). Tumor volume was measured again at 6 days and at 10 days of treatment 
After 10 days of tireatment, tumors were excised, snap fi'ozen in OCT and cryosectioned. 
Tumor sections were immimostained for expression of CD31, a marker of blood vessels. 
Ten animals were used per group. Statistical analyses were performed using paired t-test. 
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Example 5 

Cell cnlture, migration, and adhesion assays 

Hmnan umbilical vein endothelial cells (HUVEC) were grown in Endothelial 
Growth Medium (containing 2% fetal bovine serum, bFGF and VEGF) (Clonetics, San 
Diego, CA). To render HUVECs quiescent for Rac and/or Rho assays, monolayers of 
sidothelial ceUs were incuba±ed for 18 hrs in Endothelial Basal Medium supplemented with ' 
0.1% serum (Clonetics). Cell migration and adhesion assaj^ on ECM substrates were 
performed as previously described in Kim et al. (S. Kim et al, Amer. J. Biol. Chem., 
275:33920-33928 (2000); and S. Kim et al, Amer. J. Path., 156:1345-1362 (2000)). 

Example 6 
PKA assays 

PKA activity was measured in HUVECs essentially as previously described in Kim 
et al. (S. Kim et al, Amer. J. Biol. Chem., 275:33920-33928 (02000)). HUVECs were 
placed in suspension, allowed to attach to ECM protein coated plates in the absence or 
presence of anti-integrin antibodies or were treated with 10 [iM PTHrP and/or 250 fiM 
cAMP. PKA activity was measured at various times from 0-4 hrs {e.g,, 2-30 min). 

In one embodiment, Culture plates were coated overnight at 4°C with 10 ngtol 
fibronectin, vitronectin or collagen or with 3% bovine serum albumin for suspension 
cultures. Plates were washed and blocked in 3% bovine serum albumin for 1 hour at 37°C. 
HUVECS were trypsinized and resuspended in adhesion buffer (Hanks balanced salt 
soMbn supplemented with 10 mM HEPES, pH 7.4, 2 mM MgCIa, 2 mM CaCh, 0.2 mM 
MhCl2, 1% BSA. Ceils were plated on matrix protein coated plates in culture medium or in 
the presence of 25 ng/ml anti-a5(31, anti-avp3 oratiti-oc2pl antibodies for various times 
fix>m 0 minutes to 4 hours. Plates were washed with phosphate buffered saline and cells 
were extracted with cold extraction buffer (50 mM Tris, pH 7.5, 5 mM BDTA, 25 ng/ml 
aprotinin and 25 ^ig/ml leupeptin). Protein Kinase A activity was assessed using a kit ftom 
Gibco BRL. Briefly, equal volumes of lysate and reaction mixture containing final 
concentrations of 50 mM Tris, pH 7.5, 10 mM MgCb, 0.25 mg/ml BSA, 50 fiM Kemptide 
(a protein kkiase A substrate), 3000 Ci/mmol (y^^P) ATP and 100 pM ATP were combined 
for 5 minutes at 30''C. Total PKA in each sample was measured by performing the assay in 
the presence of 10 nM cAMP, Background PKA activity in test and total PKA samples were 
determined by performing the assay in the presence of a PKA inhibitor peptide, PKI (6-22) 
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aimde. Twenty jxl samples of reaction mixtures were spotted onto phosphocellulose discs 
and washed repeatedly with 1% (v/v) phosphoric acid in water. Incoirporated radioactivity 
was determined by scintillation counting. Activated PKA vras calculated &om the ratio of 
pmol/min test sample PKA to pmolAnin total PKA. PKA activity in triplicate samples was 
measured and experiments were repeated at least three times. 

In another embodiment, PKA assays were performed with a kit fiom Calbiochem 
(San Diego, CA). Cell lysates were incubated in EUSA plates coated with a PKA peptide 
substrate, then incubated with anti-phosphoserine antibodies. Bound antibody was detected 
after incubation with anti-rabbit IgG-horse radish peroxidase. Statistical analyses were 
performed using Student's t-test. 

Example 7 
Rho and Rac aissays 
Rho activity was determined by measuring the amount of Rho affinity bound to 
GST-Rhotekin binding domain (RBD). Levels of active Rho were determined by Western 
blotting affmity precipitated protein with anti-Riio antibodies while total Rho levels were 
measured by immunoblotting total cell lysates with anti-Rho. Rac activity was determined 
by measuring the amount of Rac affinity precipitated by the GST- p21-activaJed protein 
binding domain, PBD (Upstate Biotechnology, Syracuse, NY). Levels of active Rac were 
determined by immunoblotting afBnity precipitated protein with anti-Rac antibodies. In 
some embodiments, endothelial cells were maintained in suspension for 2 hrs prior to 
plating on vitronectui coated plates for 30 min in the presence/ansence of 10 PTHrP or 
cAMP. Total Rac levels were measured by immunoblotting total cell lysates with anti-Rac. 

. Example 8 
Annexin V-FITC staining 

Culture plates were coated with 10 mg/ml of fibronectin, vitronectin, collagen, or 
poly-L-lysine at 4 "C for 16 hrs and blocked with denatured BSA. Plates were also coated 
with 25 mg/ml goat anti-mouse IgG (Southern Biotechnology Associates, Inc., Birmingham, 
AL) at 37 °C for 2h, rinsed, blocked with denatured BSA, and then incubated with 10 mg/ml 
aoti-aSbl or control IgG (anti-MHC) at 4 "C for 16 hrs. HUVECs were incubated on plates 
in the presence or absence of 10 mg/ml anti-a5pl, - avP3, -a2pl, or -MHC for 0-24 hrs. in 
some experiments, HUVECs were incubated with antibodies and 100 mM caspase-3, -8 or - 
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9 iuhiHtors or vehicle control (0.5% DMSO). Cells were then incubated with Annexin V- 
FITC for 15 min at room temperature in the dark. Washed cells were fixed in 1% 
paraformaldehyde, then incnbated in DAPL The percentage of Annexin positive cells in 5 
microscopic fields was determined at 200x magnification by fluorescence microscopy. 

Example 9 
Apoptosis assays 

In some embodiments, HUVECs were incubated on ECM or antibody coated plates 
for 0-24 hrs. DNA fragmentation was detected by agarose gel electrophoresis as described, 
in M. Herrmann et al. {See, M. Herrmann et at. Nucleic Acids Res., 22:5506-5507 (1994)). 
Alternatively, HUVECS on plates were lyzed with RIPA buffer {See, S. Kim et al.J. Biol. 
Chem., 275:33920-33928 (2000)) on ice. Lysates were elect'ophoresed on 8% SDS-PAGE 
gels and iramunoblotted with anti-PARP, -caspase-3, -caspase-9, -cleaved caspase 3, or - 
cleaved caspase-9 antibodies, hmnunoreactive bauds were identified by chemilumiaescence 
and quantified by densitometry. Caspase 3 and 8 activities were determined in cell lysates 
according to manufecturer's instructions (Calbiochem, La Jolla, CA). 

Example 10 
Immunohistocliemical analysis of focal contacts 

Roraid 2.5 nmi thick glass coverslips were coated with 5 ng/ml vitronectin for 1 hour at 
37°C, then blocked with 3% bovine serum albumin for 2 hours at 37°C. HUVECS were 
removed from culture dishes by trj^sizination, washed in serum-free culture medium, and 
resuspended in endothelial basal culture medium. Cells were then incubated for one hour at 
37°C on coated coverslips. Cells were incubated in the presence of 25 (ig/ml anti-aSpi, 
anti-a2pi or no antibodies for 60 minutes. Alternatively, cells in endothelial growth 
medium containing VEGF and bFGF but no serum were plated on coverslips for 48 hours 
and then treated with cAMP or medium. Coverslips were then washed to remove unbound 
cells, fixed for 5 minutes in 3.7% paraformaldehyde and permeabilized hi 0.3% TX-lOO for 
3 minutes. Coverslips were incubated with 0.2 |ig/ml anti-vinculin antibodies or rhodanune 
phalloidin (20 ng/ml) in 20 mg/ml bovine serum albumin in phosphate buffered saline for 
one hour at room temperatmre. Coverslips were well washed in PBS and incubated in 10 
ng/ml goat anti-mouse-Alexa 568 (for anti-vinculin) for 1 hour at room temperature. 
Coverslips were mounted using mounting medium prior to fluorescent microsopy. 
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Example 11 
Cell Adhesion Assays 
Cell adhesion assays were perfbimed as described (Kim, et. al., 2000). In brief, the 
wells of 48 well non-tissue culture treated culture dishes (Costar, Lie.) were coated with 5 
Hg/ml vitronectin, fihronectm, Del-1 or collagen for one hour at ST'C and blocked witti 2% 
heat denatured bovine serum albmnin in phosphate buffered saline for one hour. Fifty 
thousand cells in a final concentration of 25 p,g/ml of an anti-aSpi function blocking 
antibody (JBS5), 25 ^ig/ml of an anti-avps ftmction blocking antibody (LM609), 25 p,g/ml 
of an anti-a2pl function blocking antibody, or 25 )igfm\ of an anti-avp5 function blocking 
antibody (P1F6) in adhesion buffer (Hepes buffered Hanks balanced salt solution, HBSS, 
containing 1% bovine serum albumin, 2 mM MgCh, 2 mM CaCh and 0.2 mM MnCh) were 
allowed to adhere to dishes for twenty minutes at 37°C. In some experiments, dibutyryl 
cAMP was used at 250 pM. Each experiment was perfoimed in triplicate, with triplicate 
samples per condition. The data are presented as percent of adhesion exhibited by the 
positive control (adhesion medium alone) +/- standard error of the mean. Similar assays 
were performed using transfected cells. 

Example 12 
Migration Assays 

Migration assays were performed essentially as described (Kim, et al., 2000). The 
lower side of 8 pore transwell inserts (Costar, lac.) were coated with 5 jig/ml of 
fibronectin, vitronectin, Del-1, collagen or no protein for one hour and wea:e blocked with 
2% bovine serum albumin in phosphate buffered sahne for one hour. HUVECS (25,000) 
were added to the upper chamber of inserts in migration buffer (Hepes buffered Ml 99 
medium containmg 1% BSA, 2 mM MgCh, 2 mM CaCh and 0.2 mM MnCh) containing 25 
\ig/ml of various antibodies. In some experiments, 250 ^iM dibutyryl cAMP was placed in 
the upper and lower chambers of the transwell. Cells were allowed to migrate from the 
upper to the lower chamber for four hours at 37°C. The number of cells which had migrated 
were counted in three representative high power (200X) fields per insert. The data are 
presented as number of cells migrating +/- standard error of the mean. Migration assays 
were similarly performed on transfected cells. In this case, migrated transfected cells were 
identified by fluorescent microscopy and counted. 
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Example 13 
Videomicroscopy and data analysis 

2.5 -cm-diameter glass coverslips were coated with 5(4g/ml vitronectin for 1 hour at 
37°C, liien blocked with 3% bovine serum albumin for 2 hours. HUVECs wesre removed 
&om culture dishes by trypsi2anation, and plated on coverslips for 48 hours. Coverslips 
were then placed on the microscope stage (Zeiss, Obeirkochen, Gcamany) connected to a 
Charged Coupled Device (CCD) camera and viewed at a 200X magnijacation in bright field. 
Cells on the coverslips were kept at 37°C with 5% CO2, bathed in culture media with 20mM 
HEPES (pH7.4). Images were recorded using IP Lab software (Webster, NY) at 1-minute 
intervals for 60 minutes. Dibutyryl-cAMP was then directly added into the culture medium 
at concentration of 500 pM. Images of cells were then recorded for an additional 60 
minutes at 1-minute intervals. 

Cell shape and migration distance changes were quantified using MAQ Vision 
Builder software (National Instruments Corporation, Austin, TX). Cell shape and nuclear 
positions were measured at 10-minute time pomts. Ellipse Ratio was used as a parameter for 
polarity. As cell shape approaches a circle, the Ellipse Ratio approaches the number one. 
Distance migrated was determined by measuring the distance nuclei moved iu ten minute 
intervals. 

Example 14 
Migration Online supplementary materials 

Time lapse videos: 2.5-cm-diameter glass coverslips were coated vnth 5jig/ml 
vitronectin for 1 hour at 37°C, then blocked with 3% bovine serum albumin for 2 hours. 
HUVECs were removed from culture dishes by trypsizination, and plated on coverslips for 
48 hours. Coverslips were tlien placed on the microscope stage (Zeiss, Oberkochen, 
Germany) connected to a Charged Coupled Device (CCD) camera at a 200X magnification 
ui bright field. Cells on the coverslips were kept at 37°C with 5% CO2, bathed in culture 
media with 20mM HEPES (pH7.4). Images w^e recorded using IP Lab Spectrum software 
(W ebster, NY) at 1 -minute intervals for 60 minutes. Movies play at 10 firames/sec. Fig 
4 JVIov. 1 depicts normal endothelial cells migrating in culture medium. Fig 4.Mov.2 depicts 
endothelial cells after addition of 500 pM dibutyryl-cAMP. 
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Example 15 
Role of FKA in ceQ survival 

HUVECs weare plated for Mh on ECM protein-coated plates in the presence ofaati- 
avp3orauti-a5pl, 1 tiM HA1004 (a PKA inhibitor), and anti-avp3 or anti-a5pl wiflil 

HA1004. Cells were stained with FITC-Aiinexin V or immimoblotted with aati-cleaved 
caspase 3 antibodies as described above. 5X10^ HUVECs were electroporated in 300 iil of 
EGM with 30>g of DNA (20 ^lg dnPKA or PKAcat plasmids, 2 Nl-GFP and 8 jig 
pBluescript) at 300 V, 450 uF as previously described (Dormond et al. (2001) Nature Med. 
7, 1041-7). Expression of transgenes was determined by Western blotting of cell lysates with 
anti-V5 and anti-GFP antibodies, Transfection efficiency was quantified by determining the 
percent of cells that were co-transfected with GFP-expression vectors. Eighty- percent 
transfection efficiency was generally achieved using this electroporation method. 

Example 16 

Chick Chorioallantoic membrane (CAM) angiogenesis assay 
CAM assays were performed as described (Kim et al. (2000) Am.J.Path. 156:1345- 
1362). Saline or bFGF stimulated CAMs were treated for 24h with 20 |ug anti-a5p 1 , anti- 
avp3 or control antibodies and then injected intravenously with 50 p.1 Annexin V-FITC. 
CAMs were harvested after 2h, then analyzed by confocal microscopy. Alternatively, CAMis 
treated as above were excised, minced on ice, and treated with 0.1% dispase/ 0.1% 
ooUagenase for 1 h at 37 °C. Single cell suspensions were incubated with FTTC-Amiexin V 
and analyzed as described above. bPGF stimulated CAMs were also treated with anti-aSpi 
or anti-avp3 in the presence or absence of 500 )jM caspase-3, -8 or -9 inhibitors. bFGF 
stimulated CAMs were also transfected with 4 |ig Nl-GFP, dnPKA or PKAcat expression 
plasmids. Freshly excised CAMs were homogenized in ice cold RDP A buffer containing 
protease inhibitors and immmioblotted to detect intact and cleaved caspase 3 or 8. For all 
treatment groups, n=10. CAMs were fixed with 3.7% paraformaldehyde prior to excision. 
The average number of blood vessel branch points per treatment group +/- SBM is 
presented. Some excised CAMs were cryopreserved, cut into 5 um sections, immunostained 
with anti-cleaved caspase 3, anti-cleaved caspase 8 and anti-VFW antibodies (to detect 
blood vessels). CAMs were also stamed by the TUNEL method to detect fragmented DNA. 
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Example 17 
Unligated integrins disrupt cell migratiaa 
In order to study the role of imligated integrins in the regulation of motility, we 
examined the effect of unligated integrins on the migration of primary endotheUal ceUs. M 
culture, endothelial cells plated on vitronectin secrete fibronectin (Figure 1 A-B), creating a 
mixed matrix that supports the attachment and localization to focal adhesions of integrins 
aSpi and avp3 (Figure 1 A-B). Using this system, we were able to inhibit the ligation of 
integrin aSpi by fibronectin without disruptmg the ligation of integrin avp3 by vitronectin. 
Antagonists of a5pl which block endothelial cell attachment to fibronectin (Kim et al, 
Amer. J. Path. 156:13454362 (2000); Kim et al, J. Biol. Chem., 275:33920-33928 (2000)) 
inhibit endothelial cell migration on vitronectm without mhibitmg cellular attachment to 
vitronectin (Figure IC-D). In contrast, integrin av(i3 antagonists block migration and 
adhesion to vitronectin, while antibodies against mtegrin oapl have no effect on cell 
attachment or migration on vitronectin. Antagonists of oSpl also blocked cell migration but 
not adhesion on other provisional matrix protein Uganda for integrin avp3 such as Del-1 
(Penta et al. (1999) J. Biol. Chem. 274, 1 1 101-1 1109) or proteolyzed collagen. In contrast, 
integrin aSP 1 antagonists do not block endotbeUal cell migration on non-provisional matrix 
proteins such as intact collagen (Figure IE) or laminin, even though fibronectin is secreted 
while cells are plated on these matrices as well (Kim et al, Amer. J. Path. 156:1345-1362 
(2000); Kim et al, J. BioL Chem., 275:33920-33928 (2000)). As a5pl antagonists do not 
block collagen-mediated migration, these results indicate that <x5pi antagonists specifically 
inhibit av but not a2pl mediated cell migration. Importantly, the ability of cc5pl to regulate 
cell migration on provisional matrix proteins is not restricted to endothelial cells as similar 
results were obtained for fibroblasts, breast carcinoma, prostate carcinoma, melanoma and 
other tumor cells. 

As cell migration requires remodeling of the actin cytoskeleton to facilitate cell 
shape change and forward motility, we examined the effect of selective integrin inhibition 
on the cytoskeleton in endothelial cells. Endothelial cells attached to vitronectin in culture 
medium or in the presence of anti-mtegrm a2pi antibody antagonists rapidly spread, change 
shape, and form lameUipodia and thick acthi filaments that traverse the cell (Figure IF). In 
contrast, cells treated wilii aSpl antagonists exhibit a pancake-like morphology (Figure IF). 
These cells lack the filamentous actm network normally associated with the migratory 
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phenotype and exhibit thin, disorganized actia bundles surrounding the center of the cell. 
These results suggest that ligation of integrin a5|5 1 by cell-secreted fibronectm indirectly 
regulates the ability of av integrins, such as avps, to promote the actin assembly events that 
are required for cell migration. 

Example 18 
Uuligated integrins activate PKA 

As a5 p 1 antagonists indirectly block av integrin mediated cell migration, we 
exannned the role of signal transduction in this process. Our previous studies indicated that 
ligation of a5pl suppresses activation of the enzyme protein kinase A (Kim, et. al, 2000). 
Here we show that detachment of cells from the ECM rapidly activates PKA (Figure 2A). 
Peak PKA activity was observed as little as 2 minutes after cell detachment; this activity 
remauied elevated for at least six hours in suspension. In contrast, cell re-attachment to 
vitronectin (and other matrix proteins) rapidly suppresses PKA activity, with little PKA 
activity detectable after one hour of attachment (Figure 2B). Exposure of endothelial cells to 
cell permeable cAMP similarly activates PKA in endothelial cells attached to ECM proteins 
(Figure IC). Notably, inhibition of cell attachment to the extracellular matrix with specific 
anti-integrin antibodies also activates PKA (Figure 2D). For example, inhibition of cell 
attachment to vitronectin by integrin avps antagonists, to fibronectin by integrin aSpl 
antagonists, or to collagen by mtegrin a2pi antagonists activates PKA (Figure 2D), These 
results indicate that cell attachment is required to suppress PKA activity. Notably, inhibition 
of a5p 1 in cells attached to vitronectin also activates PKA (Figure 2D). As endothelial cells 
plated on vitronectin secrete fibronectin which ligates a5pl (Figure 1 A-B), these results 
suggest that ligation of integrin aSpi by fibronectin suppresses PKA activation in cells . 
attached to vitronectm. Similar results were observed for other cell types including tumor 
cells. Together, these resuhs indicate that integrin ligation suppresses PICA activation. 

Since integrin aSpl antagonists activate PKA and inhibit cell migration on 
vitronectin, we examined the role of PKA in this process. Expression of a dominant 
negative form of PKA (dnPKA), a mutated PKA regulatory subunit that blocks activation of 
flie catalytic subunit (Clegg et al. (1987) J. Biol. Chem. 262:13111-13119), promotes 
normal cell migration in the presence of aSpl antagonists. Thus, inhibition of PKA activity 
overcomes the anti-migratory effect of aSpl antagonists in csndothelial ceils (Figure 3 A) and 
tumor cells. Similar effects were seen for migration on proteolyzed collagen, anotha: 
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provisional matrix protein. Therefore, selective inhibition of aSpi ligation activates PICA 
and inhibits cell migration on vitronectin. 

In fact, selective inhibition of other integrins can also activate PKA and suppress cell 
migration. For example, integrin avp3 and avps antagonists can each partially inhibit cell 
migration on vitronectin. Each of these inhibitions can be reversed by expression of dhPKA 
(Figore 3 A-B). As integrins avp3 and avp5 both contribute to cell migration on vitronectin, 
these results suggest that inhibition of either integrin activates PKA and partially suppresses 
cell migration. However, expression of dnPKA can not suppress the combined inhibitory 
effects of avp3 and avp5 antibodies on cell migration, as endothelial cells cannot attach to 
the substratum in the presence of inhibitors of both av integrins. Similarly, inhibition of cell 
inigration on collagen by integrin a2p 1 antagonists can not be reversed by expression of 
dnPKA, as endotheUal cells cannot attach to collagen in the presence of a2pi inhibitors. 
PKA activity assays verify fliat doPKA expression does siq>press PKA activation in 
endothelial cells (Figure 3C-D). These ohservatbns mdicate that unligated or antagonized 
integrins activate PKA and that activated PKA inhibits cell migration. These results also 
indicate that PKA activation by integrin antagoniste suppresses cell migration even in ECM 
attached cells. 

In addition to restoring normal cell migration to endotiieUal cells treated with a5pl 
antagonists, expression of dhPKA restores a normal migratory phenotype to ECs treated 
with a5 p 1 antagonists (Figure 3E). These studies indicate that activation of PKA by integrin 

antagonists suppresses the organization of the actin cytoskeleton that is associated with the 
migratory phenotype. Taken together, these studies suggest that integrin antagonists can 
inhibit cell migration by inhibiting actin remodeling and cell polarization in a PKA- 
dependent manner. 

Example 19 
PKA activation inhibits cell migration 
Our studies indicate that inhibition of integrin ligation activates PKA and blocks cell 
migration. Furthermore, inhibition of PKA activity permits cell migration in the presence of 
mtegrin antagonists. These results suggest that direct activation of PKA might inhibit cell 
migration. In fact, time lapse videomicroscopy of migrating endothehal cells treated with 
cAMP indicates that cAMP rapidly inhibits endothehal cell migration (Figure 4A-B) and 
rapidly induces a flattenmg of the cell shape (Figure 4C-D)(see also online supplementary 
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movies. Fig, 4. Mov.l and Fig.4, Mov.2). Cell nuclei do not significautly move after 
treatment with cAMP; in contrast, untreated nuclei move significant distances (Figure 4A- 
B). Additionally, cAMP treated cells r^idly flatten out and remain flattened for up to one 
hour after addition of cAMP (Figure 4C-D). This morphology is similar to that of PKA Rla- 
/- fibroblasts (Amieux, et al., 2002). These studies indicate that endothelial cells cease all 
movement possibly because of a decreased ability to detadi &om the substrate within 
minutes after addition of an activator of PKA, dibutyiyl cAMP. 

To determine whether the cAMP mduced flattening results from disruption in stress 
fiber and focal adhesion formation, we examined the pattern of actin filaments and vinculin 
containing focal adhesion structures m cells ti'eated with or without cAMP. While normal 
endotheUal cells exhibit long, spindle shapes as well as stress fibers and cortical actin in the 
leading edge of cells, cAMP treated cells remain wimd and flat and exhibit neitlier stress 
fibers nor cortical actin; instead these cells exhibit a subcortical basket-hke network of thin 
actui filaments or no filaments at all (Figure 4E). hiterestingly, normal ECs form focal 
adhesions at the leading edges of migrating cells (Figure 4E). However, cAMP treated cells 
exhibit a 3 fold increase m the number of focal adhesions (Figure 4E-F). These focal 
adhesions also exhibit an altered distribution so that the adhesions are distributed 
throughout the entire cell rather than at the leading and trailmg edges as in normal cells 
(Figure 4E-F). 

Treatment of endothelial cells with cAMP also quantitatively inhibits endothelial 
cell migration in manner that can be inhibited by expression of dhPKA in a transwell model 
of migmtion (Figure 5A). In addition, expression of the active catalytic subunit of PKA in 
endothelial cells (Figure 5B-C) significantly blocked cell migration on vitronectin (Figure 
5B), fibronecthi and collagen. Taken together with the results of Figure 4, these results 
indicate that direct activation of PKA negatively regulates cell migration. As cAMP 
treatment induces cell flattening and an mcrease in focal adhesion number, it is possible that 
PKA inhibits migration in part by enhancmg the strength of cell attachment to the 
substratum. Notably, cAMP, as well as ejqjression of the PKA catalytic subunit, enhanced 
cell attachment to vitronectin (Figure 5D-E). Activation of PKA by cAMP or by expression 
of the PKA catalytic subunit in endothelial cells also inhibited actin remodeling and mduced 
a flattened morphology (Figure 5F). These studies indicate that activation of PKA 
suppresses remodeling of the actm cytoskeleton by enhancing focal adhesion formation and 
increasing cell attachment Taken together, these studies mdicate that PKA activation 
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inhibits cell migration by regulating molecules that control remodeling of the cytoskeleton. 

Example 20 
Integrin aatagonists stfanulate Kho 

Rearrangemeats in the actin cytoskeleton are regulated by the Rho family of small 
GTPases (Nobes CT> and Hall (1999) J. Cell Biol. 144:1235-1244; Ridley et al. (1992) CeU 
70:389-99; Nobes CD and Hall (1995) CeU 81:53-62). As PKA inhibits cytoskeletal 
rearrangements associated with cell migration, we examined, the regulation of Rho family 
proteins by integrin antagonists and by PKA activation. It has been previously shown that 
detachment of fibroblasts from the ECM stimulates Kho activity (GTP-loading) while 
adhesion to the ECM initially suppresses this activity (Ren et al. (1999) EMBO J. 18, 578- 
585). This suppression in Rho activity is required for the remodeling of tlie actin 
cytoskeleton and for motility (Arthur et al. (2001) Mol, Biol. Cell. 12, 271 1-2720; Ren et al. 

(2000) J Cell Sci. 113, 3673-3855). We fomid that endotiielial cell attachment to vitronectm 
similarly suppresses Rho activity, with maximal suppression occurring after 15 minutes of 
cell attachment (Figure 6A). Interestingly, inhibitors of aSpl prevent this suppression of 
Kho activity (Figure 6B). In fact, Rho activity in cells treated with a5p 1 inhibitors is similar 
to that of unattached endothehal cells. 

This stimulation of Rho activity plays a critical role in the inhibition of cell shape 
change and migration on vitronectin mediated by aSp 1 antagonists. Expression of 
mutationally inactive Rho (N19Eiho) restores normal shape and actui filament formation to 
cells treated with integrin aSpi antagonists (Figure 6Q. Additionally, expression of 
mutationally inactive Rho (N19Rho) in endothelial cells prevented otSpl antagonist-induced 
inhibition of cell migration (Figure 6D-E). Similar results were observed in other cell types, 
including several tumor cell types. In contrast, expression of constitutively active Rho 
(V14Rho) suppresses migration (Figure 6C), flattens cell shape (Figure 6C), and increases 
the number and distrib.ution of focal adhesions formed in cells (Figure 6F), As these results 
are similar to those induced by PKA activation, they suggest that inhibition of integrin 
ligation activates PICA which then activates Rho and suppresses cell migration. Importantly, 
recent studies similarly show tiiat high levels of active Rho suppr^s actin remodeling and 
cell polarization in undifferentiated embryonic mesenchymal cells (Beqaj et ai. (2002) J. 
Cell Biol. 156, 893-903) and cause neurite retraction in vitro and in vivo (Brouns et al. 

(2001) Nat. Cell Biol. 3, 361-367; Billuart et al. (2001) Cell 107, 195-207). These indicate 
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that inappropriate activation of Rho inhibits cell sih^e change and cell migration, 
Example 21 

Activation of PKA stimulates Rho GTP loading, thereby inhibiting migratiott 

As integrin antagonists activate PKA as well as Rho, we determined whetiier direct 
activation of PKA activates Rho. Therefore, we perfonned Rho activity assays on cell 
treated with cAMP and on cells expressing the catalytic subunit of PKA. Activation of PKA 
by cAMP (Figure 7 A) or by expression of the PKA catalytic subunit (Figure 7B) stimulates 
Rho activity (GTP-loading) in cells attached to vitronectin. In fact, expression of 
mutationally inactive Rho (N19Rho) restores cell migration (Figure 7C) as well as stress 
fiber formation and the polarized cell shape change associated with the migratory phenotype 
(Figure 7D) in the presence of cAMP treatment and PKA catalytic subunit expression. 
Similar observations were made for other cell types. These results indicate that PKA 
siqjpresses cell migration by activating Rho. In fact, activation of PEIA by cAMP stimulates 
the tratislocation of Rho A to the plasma membrane OFigure 7E). As Rho prenylation and 
translocation to the membrane is required for its function (Newman et al. (1993) Biochim, 
Biophys. Acta 1 155, 79-96), these studies indicate tiiat PKA activates Rho, resulting in 
increased translocation to the membrane and increased cell adhesion due to increased focal 
adhesion formation. 

Example 22 
Integrin antagonists inhibit Rac 

As cell motility is also regulated by the small GTPase Rac (Kiosses et al. (2001) Nat. 
Cell Biol. 3, 316-320; Kjoller et al. (2001) J. Cell Biol. 152, 1 145-1 157), we examined the 
effect of integrin aSpi antagonists on Rac activity. Rac is rapidly activated upon cell 
attachment to vitronectin (Figure 8A), In contrast, in the presence of a5p 1 antagonists, Rac 
activation is inhibited (Figure 8B). Accordingly, the inhibition of motihty by aSpi 
antagonists in endothelial cells was reversed by expression of constitutively active Rac 
(V12Rac, Figure 8C). In contrast, mutationally inactive Rac (NlTRac) blocks migration of 
eaidothehal ceils (Figure 8C). Similar observations were made for other cell types. In fact, 
expre^ion of mutationally active Rac restores normal actin filaments and shape to cells 
treated with integrin aSpi antagonists, while inactive Rac inhibits the normal morphology 
of endothelial cells (see Figure 9C). These findings indicate that integrin a5p I antagonists 
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inHbit Rac, thereby blockmg cell mgration and cell polarization. 

p21 activated kinase (PAK) is a substrate of Rac that regulates endothelial cell 
migration (Kiosses et al. (1999) J. Cell Biol. 147, 831-843). In fact, mutationally inactive 
PAK suppresses endoliielial cell migration (Figure 8F), while constitutively active PAK 
reverses the inhibition of cell migration induced by eifibter aSfJl antagonists or cAMP 
(Figure 8G). Taken together, these results indicate that integrin antagonists inactivate Rac 
and its substrate PAK, thereby preventing cell migration. 

Example 23 
PKA activation inhibits Sac activity 

As integrin antagonists activate PKA, we examined the effect of direct PKA 
activation on Rac activity. E^qwsure of endothelial cells to cell permeable cAMP or 
expression of the catalytic subunit of PKA inhibits Rac activation (Figure 9A). This PKA 
catalytic subunit and cAMP-induced inhibition of motility can be prevented by expression 
of constitutively active Rac (V12Rac; Figure 9B). Accordingly, expression of mutationally 
active Rac (V12Rac) restores normal morphology to cells expressing the PKA catalytic 
subunit (Figure 9C) and to those treated with cAMP. hi contrast, expression of dominant 
negative Rac (NlTRac) inhibits cell shape and actin filament changes (Figure 9C). These 
results mdicate that activate PKA inhibits Rac activation, thereby suppressing cell 
migration. 

As PKA activates Rho and inhibits Rac, we examine the effect of active Rho on Rac 
activity. In fact, we found that active Rho directly suppressed Rac activity (Figure 9D). ha 
contrast, active Rac does not inhibit Rho activity in these cells. These results indicate that 
PKA activates Rho, which then mhibits Rac. Since integrin antagonists and PKA activate 
Rho at a time when it is normally suppressed and when Rac becomes activated, these results 
indicate that unligated integins and PKA suppress cell migration by disrupting the normal 
cycling of small GTPase activity tiiat is required for cell migration. 

Taken together, these results indicate that unligated integrins activate PKA, thereby 
activating the small GTPase Rho and subsequently inhibiting Rac. Bicreased Rho activity in 
the context of decreased Rac activity enhances the formation of focal adhesions and 
increases the strength of cell attachment to the ECM, thereby preventing cell migration and 
cell polarization. These studies demonstrate that the ligation state of integrin receptors for 
matrix proteins can regulate cell migration and that PKA activation plays a significant role 
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in this process. Together with previous studies indicating that activated PKA negatively 
regulates angiogenesis (Bakre et al. (2002) Nature Med. 8, 995-1003; Kim et al. (2002) J, 
Clin. Invest , 1 10, 933-941), these studies show that PKA plays an injqportant role in thue 
negative regulation of cell migration in vitro and in vivo. 

Example 24 

Integrtn aSpi promotes endothelial cell survival in vitro and in vivo 

Antagonists of a5 p 1 and fibronectin inhibit growth factor and tumor-induced 
angiogenesis (Kim et al. (2000) Am.J.Path. 156:1345-1362; Kim et al. (2000) J. Biol.Chem. 
275: 33920-33928), As integrins have been shown to promote cell survival, we examined 
the roles of ocSpl and fibronectin in endothelial cell survival. Endothelial cells (HUVECs) 
cultured on poly-L-lysine (wliich mediates nonspecific cell attachment to the substratum) 
and fibronectm substrates were analyzed for the bindmg of Annexin V, a Ca^"^ dependent 
phospholipid-binding protein that binds to apoptotic cells with exposed phosphatidyl serine 
(Raynal et al. (1994) Biochemica et Biophysica Acta. 1197: 63-93). HUVECs attached to 
fibronectin bind little annexin V, while over 85% of cells on poly-L-lysine coated plates 
bound aunexin V (Figure lOA, P==0.01). Additionally, lysates &om HUVECs cultured in 
suspension or on poly-L-lysiae and fibronectin were immimoblotted for poly (ADP ribose) 
polymerase (PARP), an enzyme involved in DNA repair that is cleaved by caspase 3 during 
the early stages of q)optosis to produce 85 kD and 25 kD fragments, resulting in loss of 
nonnal PARP function (Nicholson et al. (1995) Nature 376: 37-43; Partel et aL (1996) 
FASEB J. 10: 587-597). Cells in suspension or attached to poly-L-lysine displayed 
significant PARP cleavage, while cells attached to fibronectin showed little PARP cleavage 
(Figure iOB, P=0,006). Similarly, attachment to fibronectin, but not poly-L-lysine, protects 
HUVECs firora DNA fi-agmentation associated with apoptosis (Figure IOC, P=0.0001). 
These studies indicate that fibronectin attachment promotes the survival of prohferating 
endothelial cells. 

To determine if uitegrin a5(3 1 is the fibronectin receptor supporting HUVEC 
survival in vitro, HUVECs were cultured on surfaces coated with anti-a5p 1 or control 
antibodies, hnmobilized anti-integrin antibodies cluster integiins, thereby acting as agonists 
(Stromblad et al. (1996) J. Clin. Invest. 98: 426-433; Leaveley et al. (1993) J. Cell Biol. 
121: 163-170). Cells attached to surfaces coated with antibodies directed against aSpi 
bound little annexin (Figure lOD, P=0.001), and thus remained viable. Li contrast, more 
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than 75% of cells attached to control antibodies were amexin positive. Cells attached to 
ctSpi antibody-coated surfeces also showed significantly less PAEP cleavage (Figure lOE, 
P=0.007) and DNA fragmentation (Figure I OF, P=0.003) than cells attached to control 
antibodies. These results indicate that otSpl promotes endothelial cell survival. 

Antagonists of integin aSpl block angiogeaesis in vivo but have no effect on 
unstimulated blood vessels (Kim et al. (2000) AmJ.Path. 156:1345-1362), To determine if 
these antagonists induce endothelial cell apoptosis during angiogenesis in vivo, CAMs were 
stimulated with bFGF, treated with saline, function-blocking anti-aSpi antibodies and 
isotype-matched control antibodies and then analyzed for mai'kers of apoptosis. Intravenous 
injection of fluorescently labeled annexin V demonstrated that aSpl antagonists induce 
endotUelial cell apoptosis in vivo. Anti-a5pl antibodies, but not saline or control antibodies, 
induced annexin V staining" of blood vessels in living CAMs, indicating that a5pi regulates 
survival in vivo of proHferating endothelial cells (Figure llA). hi fact, vessels in anti-aSpl 
treated CAMs bound eight times more annexin V than control treated CAMs (Figure 1 IB, 
P=0.015). These anti-aSpi antibodies were previously shown to react with aSpi on chicken 
endoflielial cells aad to block its function in vitro and in vivo (Kim et al. (2000) Ani.J,Path. 
156:1345-1362). As a5pl is only expressed at significant levels on proliferating endotiiehal 
cells (17), aSpi function-blocking antibodies target proliferating endothehal cells, As 
peptide and small molecule antagonists of aSpl also inhibit angiogenesis (Kim et al. (2000) 
Am.J.Path. 156:1345-1362) and induce apoptosis (not shown), antibody-mediated 
complement activation is not likely to play a significant role in this apoptosis induction. 
Thus, these results suggest that integrin aSpi antagonists induce endothelial cell apoptosis 
in vivo. 

To determine further whether aSpi antagonists cause apoptosis in vivo, sections of 
CAMs were analyzed for the expression of cleaved caspase 3 in blood vessels (Figure 1 IC, 
P=0.01). Cleavage of caspase 3 into 17 and 12 kDa fragjnents is an indication of caspase 3 
activation; the amount of cleaved caspase 3 is a quantitative index of apoptosis induction. 
Antibodies directed against mammalian caspases cross-react with avian caspases, as avian 
oaspases exhibit 65% overall sequence identity and 100% activation domain sequence 
identity with mammalian caspases (Johnson et al. (2000) Biology of Reproduction 62; 589- 
598). Treatment with either aSpi or avp3 antagonists induces caspase 3 cleavage (green) in 
blood vessels (red) in growth factor stimulated CAMs. Antagonists of aSpl but not control 
antibodies also induce DNA fragmentation in bFGF stimulated endothelial cells, as 
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evaluated by TUNEL staimng (Figure 1 ID) and by analysis of DNA fiagmentation of 
agarose gels (Figure 1 IE, P=0.003). Purtheraiore, isolated cells ftom CAMs treated with 
a5pl and avps fimction-blocldng antibodies boimd sigiificanfly more FTTC-antiexin V 
than in cells from control CAMs (Figure 1 IF, P=0.0002 and 0.003, respectively). These 
studies definitively show that aSpi antagonists iaduce endothelial cell apoptosis during 
angiogenesis. 

Example 25 

Unligated integrin aSpi induces apoptosis in adherent endothelial cells 

To determine how aSp I antagonists interfere with cell survival during angiogenesis, 
proliferating HUVECs in complete culture medium were plated on poly-L-lysine, 
fibronectin, vitronectin, or collagen coated culture plates in the presence of antibody 
antagonists ofintegrinsa5pl,avp3, or a2pl for24h. Cells were then stained with FITC- 
annexin V. While fibronectin and vitronectin promote the survival of proliferating 
endothelial cells (Figure 12A, 3C), collagen does not (Montgomery et al. (1994) Proc. Natl. 
Acad. Sci, USA 91: 8856-8860). Integrin antagonists that block cell attachment to the 
substratum (Figure 12BJ)) induce ^optosis, or anoilds, in endothelial cells (Figure 12A,C). 
For example, antagonists of aSpl induce apoptosis on fibronectin (Figure 12A, P=0.001), 
while antagonists of avp3 induce apoptosis on vitronectin (Figiu:e 12C, P=0.02) by blocking 
cell attachment to the substratum. 

In vivo, however, apoptosis (anoikis) induced by loss of attachment to the ECM is 
unlikely to occur as endothelial cells are attached to multiple matrix proteins through 
multiple integrins at any one time. Therefore, we also examined the ability of integrin 
antagonists to induce apoptosis in cells that remain attached through other integrins. In fact, 
aSpi antagonists induce apoptosis of cells on vitronectin (Figure 12C, P=0,05) without 
affecting their attachment to vitronectin (Figure 12D). Anti-aSpi, but not control 
antibodies, also induce PARP cleavage in HUVECs plated on vitronectin substrates (Figure 
12E, P=0.003), Thus, unligated aSpi inhibits endothelial cell survival on provisional matrix 
proteins such as fibronectin and vitixjnectin. These studies indicate that integrin a5p l 
provides critical survival signals to proliferatmg endothelial cells such as those participating 
in angiogenesis. These studies indicate that integrin aSp 1 can directly and indirectly, 
regulate survival of proliferating endothelial cells. 
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Examqple 26 

TJnl^ted integrins a5pl activates a caspase 8 mediated 
apoptusis pathway in vitro and in vivo 

To determine the nature of the cell death pathway induced by aSpi antagonists, 
endothelial cells were plated on ECM protein coated culture plates in the presence of 
integrin antagonists and caspase inhibitors or vehicle control (0.33% DMSO). Coll death 
induced by anti-aSpl antibodies was blocked by caspase 3 inhibitors whether the cells were 
attached to fibronectin (P=0.0005, Figure 13 A) or vitronectin (P=0.02, Figure 13B). Cell 
attachment to poly-L-lysine rapidly activated caspases 3 and 8 while attachment to 
vitronectin did not (Figure 13C-D). Anti-aSpi antibodies but not control antibodies also 
activated caspases 3 and 8 (P=O.0001 and P=0.002, respectively) in cells attached to 
vitronectin (Figure 13C-D) and fibronectin (not shown). Caspase 3 cleavage was also 
readily detected in cells treated with anti-aSp 1 but not control antibodies (P=0.01 , Figure 
13E). In contrast, caspase 9 cleavage was not detected in cells treated with oSp 1 antagonists 
(Figure 13F). These studies show that integrin ocSpi antagonists induce apro-apoptotic 
pathway in proliferating endothelial cells that results from activation of initiator caspases (8) 
rather than stress caspase (9) pathways. These results also indicate that blocking a5pl 
ligation induces caspase 8- and 3-mediated death even wien cells are still attached to 
provisional matrix ligands through otlier iategrins. 

Our studies show that integrin-mcdiated survival depends on suppression of caspase 
3 and 8 activity in vitro. As aSpi antagonists block angiogenesis in vivo, these antagonists 
may induce caspase 3 and 8 activation in vivo. CAMs stimulated with bFGF were treated 
with saline, vehicle control (DMSO), caspase 3 or 8 inhibitors, and anti-integrin antibodies 
in the presence or absence of caspase inhibitors. Angiogenesis was inhibited by anti-aSpl 
antibodies (Figure 14A-D); this inhibition was partially reversed by cell permeable caspase 
3 inhibitors (P=0.04, Figure 14A) and fully reversed by caspase 8 inhibitors (P=0.05, Figure 
14C). Caspase 3 inhibitors partially blocked caspase 3 activity wi vivo figure 14B), while 
caspase 8 inhibitors completely blocked its activity in vivo (Figure 14D). Furthermore, 
caspase 3 and 8 inhibitors prevented in vivo endothelial cell DNA fragmesntation induced by 
a5pl inhibition (Figure 14E). Caspase 9 inhibitors had little effect on angiogenesis (not 
shown). Caspase inhibitors alone had no effect on angiogenesis or on unstimulated CAMs. 
These results indicate that ot5pi antagonists activate caspases 8 and 3 in vivo, thereby 
inhibiting angiogenesis. 
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Example 27 

Unligated integrms induce FKA-dependent apoptosis 
Ihtegrm ligation activates signaling pathways that promote cell migration, 
proliferation and survival. Typically, integrin-mediated signaling is characterized by 
increases in tyrosine phosphorjdation of signaling intermediates such as focal adhesion 
Idrme, src, and ERK family members. However, integrin ligation also suppresses the 
activation of at least one kinase, protein kin^e A (PKA, Kim et al. (2000) J. Biol.Chem. 
275: 33920-33928). Importantly, we foimd that integrin ligation suppresses PKA activation, 
while antagonists of integrins activate this enzyme (Figure 15A). Notably, antagonists of 
integrin ccSpi activate endotheHal cell PKA whether endothelial cells are plated on 
fibronectin or on vitronectin (Figure 15A). Therefore, we investigated the contribution of 
PKA to integrin-mediated cell death. We fomid that a pharmacological inhibitor of PKA, 
HA1004, substantially suppressed the E^ptosis induced by integrin antagonists anti-avp3 
(P=0.05) or anti-ctSp 1 (P=0.05) in cells attached to vitronectin, as detected by annexin V 
binding to intact cells (Figure 15B). PKA inhibitors also blocked caspase 3 cleavage 
induced by anti-a5p 1 (P=O.002, Figure 15C). Expression of mutationally inactive PKA 
(dnPKA), but not a control transgene (GFP), also prevented integrin-antagonist induced cell 
death (P=0.004; Figure 16A-B). More than 80% of cells expressed the transgene, which was 
also detected by Western blotting (Figure 1 6D). These studies indicate that both direct 
(anoikis) and indirect integrin antagonist-mediated cell death is PKA dependent. 

Example 28 

PKA activation induces endothelial cell apoptosis in vitro and in vivo 
Our studies show that inhibition of PKA suppresses integrin antagonist-induced cell 
death. To determine whether activation of PKA directly induces endothelial cell death, 
endothelial cells were treated with dibutyryl cAMP or were transiently transfected with the 
active, catalytic subunit of PKA. Both cAMP and expression of the catalytic subunit of PKA 
significantly induce apoptosfe (P=0.009 andP=0.003, respectively) in endothelial cells in 
vitro (Figure 16C), Thus, PKA directly induces apoptosis in endothelial ceUs. 

To determine whether PKA plays a role in the negative regulation of angiogenesis in 
vivo, bFGF stimulated CAMs were transfected with expression plasmids encoding GFP and 
mutationally inactive PKA (dnPKA) and treated with a5p 1 antibodies. While ctSpl 
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antagonists block angiogesieais (Figure 17A, P=0.004), dnPKA reverses this iuMbition 
(Figwre 17A, P=0.02). Expression of dnPKA also prevents aSpi antagonist induced DNA 
fragmentation in vivo as detected by TUNEL staining (Figure 17B) and inlibils activation of 
caspases 3 and 8 in vivo (Figure 17C). Since integrin antagonists induce PKA-dependent 
apoptosis in vivo, direct activation of PKA may also inhibit angjogenesis. Expression of the 
PKA catalytic subunit during angiogenesis in vivo completely siq)presses angiogenesis 
(P=0.0005), as does exposure to cAMP (P= 0.001, Figure 17D).'VE(iF stimulated 
angiogenesis is also inhibited by activation of PKA. This inhibition results from apoptosis 
mduction, as it is accompanied by DNA fragmentation detected by TUNEL staining (Figure 
17E) and caspase 3 cleavage in vivo (Figure 17F). The expression of transgenes could be 
demonstrated in endothelial cells in vivo by immimohistochemical staining for the presence 
of His tagged proteins (Figure 17G). Thus, activation of PKA by integrin antagonists, by 
cAMP or by expression of the catalytic subunit of PKA induces endothelial cell apoptosis 
and inhibits angiogenesis. 

These studies demonstrate that the unligated integrin cc5pl induces endothelial cell 
i^optosis in vivo in a PKA-dependent manner, thereby inhibiting angiogenesis. These 
studies demonstrate that activation of PKA by unligated integrins is an essential stq) in the 
induction of apoptosis. Importantly, our studies demonstrate that direct activation of PKIA in 
vivo induces endothelial cell apoptosis and inhibition of angiogenesis. 

Example 29 
PTHrP suppresses angiogenesis in vivo 

To evaluate the role of PTHrP in blood vessel development, we tested the effects of 
PTHrP on angiogenesis in the chick chorioallantoic membrane (CAM). CAMs from 10 day 
old chick embryos were stimulated with basic fibroblast growth factor (bFGF) in the 
presence or absence of PTHrP (1-173) or two other peptide hormones, calcitonin (a calcium 
regulating peptide hormone (Bukoski et al. (1995) Semin. Nephrol. 15, 536-549)) and 
calcitonin gene related peptide (CGRP, a vasodilatory peptide hormone (Bukoski et al. 
(1995) Semin. Nephrol. 15, 536-549)). Only PTHrP inhibited angiogenesis whether 
analyzed by enumemting blood vessel branchpoints {P< 0.01, Figure 18a) or density of 
vessels positive for integrin avps (P<0.000 1 , Figure 1 86) or von Willebrand factor, VWF 
(P< 0.001, Figure 18&). An analysis of blood vessel morphology also indicates that PTHrP 
inhibits bFGF-induced vascular branching (Figure 186). PTHtP had no effect on the 
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number, size or conqjosition of pre-existing vessels, as dcftermined by macroscopic 
evaluation of vessels in saline-stimulated CAMs or by examining the number and nature of 
avps and VWF positive vessels in saline-stimulated CAMs. These studies indicate that 
PTHrP selectively preveats the formation of new microvessels. The half-maximal inhibitory 
dose of PTHrP was 0.01 jiM. This inhibition could be blocked by addition of an anti-PTHrP 
fimction blocking antibody (8B12), directed against amino adds 1-34 (Terkeltaub et al. 
(1998) Arthritis and Rheumatism 41, 2152-64) (Figure 18c). PTHrP also blocked bPGF- 
stimulated angiogenesis in the mouse (PO.OOl, Figure 18d). These studies indicate that 
PTHrP functions as an angiogenesis inhibitor. 

PTHrP also inhibits tumor angiogenesis and growth. We treated nude mice bearing 
DU145 prostate carcinoma tumors (that did not express PTHrP) with daily intravenous 
injections of PTHrP (final serum concentration IjiM). PTHrP suppressed tumor growth 
(Figure 18e; P<0.005), induced tumor necrosis (Figure 18/) and inhibited tumor 
angiogenesis (Figure 18g; P<0.0001). While saline treated tumors doubled in size during 
the ten-day study, PTHrP treated tumors increased in size by only 30%. These studies 
indicate that PTHrP inhibits tumor angiogenesis as well as growth factor-induced 
angiogenesis. 

Example 30 

Inhibition of angiogenesis and tumor growth by PTHrP gene delivery 

To determine if gene delivery of PTHrP might be a useful strategy for the ther^eutic 
inhibition of angiogenesis in vivo, we stimulated angiogenesis in chick CAMs with bFGF or 
vascular endothelial growth factor (VEGF). We then transduced CAMs by injecting 
adenoviruses expressing Green Fluorescent Protein (GFP) or fiill length PTHrP (1-173) 
(Terkeltaub et al. (1998) Arthritis and Rheumatism 41, 2152-64) into the embryonic 
circulation, Virally expressed PTHrP, but not GFP, inhibited angiogenesis stimulated by 
bFGF (P<0.001) or VEGF (P=0.01) as shown in by quantifying blood vessel branchpoints 
(Figure 19c, left panel) or integiin av|33 immunoreactive vessels (P<0.0001, Figure 19&). 
PTHrP expression was detected in blood vessels (arrows) m CAMs transduced with PTHrP 
using an antibody directed against PTHrP C-terminal amino acids 109-141 (Abdeen et al. 
(1995) Am. J. Gastroenterology 90,1864-1867) (Figure 19fl, right panel). Virally expressed 
PTHrP also inhibited angiogenesis in the adult mouse. Viral delivery of PTHrP mhibited 
bFGF stimulated murine angiogenesis (P< 0.05, Figure I9c). Virally induced expression of 
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PTHrP also inhibited tumor growth on the CAM (P< 0.03, Figure 19d), suggesting that 
locally delivered PTHirP can suppress tumor angiogenesis. PTHrP faeated tumors are 
smaller, obviously necrotic and associated with fewer iotegrin avp3 positive blood vessels 
than GFP treated tumors (Figure I9e, P<0.0001). Thus, virally expre^ed PTHrP can inhibit 
angiogenesis and may serve as a useful therapeutic angiogenesis inhibitor. 

Example 31 
PTHrP inhibits endothelial cell migration 

To evaluate the role of PTHrP in endothehal functions in vitro, we tested the eJEfects 
of FIHrP (1-173) and other peptide hormones on endothelial cell migration on extracellular 
matrix substrates such as vitronectin, collagen aad fibronectin. PTHrP significantly 
inhibited cell migration on vitronectin (Figure 20a), collagen and fibronectin, yet had no 
effect on attachment to these proteins (Figure 20b). Fi3fty percent inhibition of cell migration 
was achieved with PTHrP in the range of 1-10 )liM. These studies demonstrate the PTHrP 
inhibits endothelial cell migration, but is not an inhibitor of integrin ligation. 

Example 32 

Mapping of the anti-migratory and anti-angiogenic active sites of PTHrP 
PTHirP is composed of several domains with distinct physiological properties (Jin et 
al (2000) J. Biol. Chem. 275: 27238-27244). To identify the domain(s) of PTHrP 
responsible for the anti-migratory and anti-angiogenic effects, we evaluated the effects of 
various fragments of the peptide hormone in migration and angiogenesis assays. Like 
PTHrP (1-173), fragments containing the N-terminus (1-141, 1-86 and 1-34) inhibited 
migration (Figure 20c), but not attachment (Figure 20d), on vitronectin. Fragments lacking 
the N-terminus, such PTHrP 107-138, were not able to inhibit cell migration. In vivo, 
PTHrP 1-141, 1-86 and 1-34 potently inhibited angiogenesis (Figure 20e). As the first 34 
amino acids contain the angiogenesis inhibition properties, further studies were performed 
to identify the critical residues responsible for angiogenesis inhibition. 

Studies have shown that the first six amino acids of PTH are required for activation 
of PTH/PTHrP receptor signalmg while the last fifteen are required for high affinity binding 
to the receptor (Jin et al. (2000) J. Biol. Chem. 275: 27238-27244). Five out of the first ten 
amino acids in PTH and PTHrP are identical and structure predictions indicate these regions 
have similar conformations^'*. Therefore, to further delineate the active angiogenesis and cell 
migration inhibition sites on PTHrP, we compared the activities of firagments of PTHrP 
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extendmg from amino acids 1-10, 1-34, and 15-34 to a scrambled 1-10 peptide. While 
amino acids 1-34 and 1-10 were similarly effective in inhibiting cell migration on 
vitronectin, amino acids 15-34 and a scrambled version of 1-10 were unable to inbibit cell 
migration (Figure 21a), The N-terminal PTHrP fragnent 1-10 inhibited cell migration in a 
dose-dependent manner, with a maximum of 50% inhibition at a concentration of 10 pM. 
PTHrP 1-10 and 1-34 were also effective in inhibiting angiogenesis in the CAM assay, 
while scrambled 1-10 was not (Figure 2lb). PTHrP 1-10 is slightly less effective at 
inhibiting angiogenesis than 1-34, however. PTHrP 1-10 was also effective in inhibiting 
angiogenesis in a mouse model of angiogenesis while scrambled PTHrP 1-10 peptide was 
not (P<0.01, Figure 21c). These studies indicate that the first ten PTHrP residues are critical 
for activation of endothelial cell PTHrP receptor in vitro and in vivo. 

Angiogenesis can be induced by many growth factors. To determine if PTHrP is a 
general inhibitor of angiogenesis, we evaluated the effect of PTHrP 1-34 on bFGF, VEGF, 
IL-8 and TNFa stimulated angiogenesis (Figure 21cO. Angiogenesis induced by each growth 
fector was inhibited by PTHrP (1-34), with complete inhibition occurring at 1 pM. The IC50 
for each growth factor was 0.001 n,M or lower. Thus, PTHrP is a potent general 
angiogenesis inhibitor. 

Example 33 
Medianism of PTHrP anti-angiogenic effects 

While an understanding of the mechanism of 1he invention is not required, and 
without intending to limit the invention to any particular mechanism, we set out to establish 
the mechanism by which PTEirP inhibits cell migration in vitro and angiogenesis in vivo. 
We evaluated the effects of PTHrP on endothelial cell signal transduction. Like PTH, 
PTHrP interacts witih IJie PTHl receptor, a G protein coupled receptor that activates PKA 
(Abou-Sarara et al. (1992) Proc. Natl. Acad. Sci. USA 89; 2732-2736; Hoare et al. (2001) J. 
Biol. Chem. 276, 7741-7753) expressed on endothelial cells (Jiang et al. (1998) J. 
Cardiovascukir Pharmacol. 1998, S142-1444). We found that PTHrP 1-34, as well as a cell 
permeable cAMP (dibutyryl cAMP), rapidly stimulate PKA activity in endothelial cells 
(Figure 22a). PKA activation is detected in as little as 2 minutes, with maximal activity 15 
minutes after stimulation with both cAMP and PTHrP. To determine if the anti-migratory 
properties of PTHrP result from signals transduced through PKA, we evaluated the effects 
of PTHrP 1-34 on cell migration in the presence and absence of the PKA inhibitor, N-(2-(p- 
bromocinnamylamino)ethyl)-5-isoquinoline sulfonamide (H89, Figure 22Z?). This PKA 
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inhibitor blocked the anti-migratory properties of PTHrP (P<0.01). Furthermore, expression 
of a mutationally inactive form of PKA (dnPKA), which blocks PKA activation (Howe et 
al. (2000) Nature Cell Biol. % 593-600) suppresses the PTHrP- and cAMP-mediated 
inhibition of endothelial cell migration (P<0.0001, Figure 22c). hi feet, direct activation of 
PKA by either cAMP-(P<0.0001) or by transient transfection with the PKA catalytic 
subumt (P<0.0001) also inhibits endothelial cell migration (Figjre 22d). Ejg>ression of both 
transgenes could be detected by Westera blotting of lysates of transfected cells (Figure 22e). 
Th^e results mdicate that PTHrP inhibition of migration is PKA dependent and that 
activation of PKA blocks endothelial cell migration. 

The small GTPase Rac pla3i^ an essential role in regulating cell motility by 
influencing actin assembly and lamellipodia extension (Ridley et al. (1992) Cell 70, 401- 
10). Cell adhesion as well as growth factor stimulation upregulate Rac activity in endothelial 
cells (Price et al. (1998) Mol. Biol. Cell 9, 1863-71). We found that activation of Rac is 
blocked by PTHirP, by expression of activated PKA (Figure llf) or by cAMP (not shown). 
Overe3q)ression of mutationally active Rac (V12 Rac) overcomes the PTHrP (P<0.007), 
cAMP (P<0.003, Figure Tig), or PKA catalytic subunit (Figure 22/j, P<0.006) mediated 
inhibition of cell motility. These studies indicate that PTJIrP activation of PKA inhibits cell 
migration by inhibiting Rac activation. 

Signal transduction pathways that promote cell migration often also promote cell 
survival (Cho et al. (2000) J Cell Biol. 149:223-36). Smce PTHrP inhibits endotheHal cell 
migration, it is possible that it mhibits endothelial cell survival. In fact, PTHrP induces 
qjoptosis of endothelial ceUs in a dose-dqpendent manner (Figure 22/). Like its effects on 
cell migration, PTHrP-induced apoptosis is PKA-d^endent, as expression of dominant 
negative PKA suppresses this induction of cell dealii (Figure 22/). These studies suggest that 
direct activation of PKA may induce ^optosis in endothelial cells. We found that 
endothehal cell expression of the catalytic subunit of PKA or exposure to dibutyryl cAMP 
also induced apoptosis in endofhelial cells (Figure 22A). These studies indicate that PTHrP 
not only inhibits endothelial cell migration but also induces endothelial cell apoptosis in a 
PKA-dependent manner. 

Example 34 

PTHrP inhibition of angiogenesis is protein idn^e A dependent 

Our studies suggest that activation of PKA in vivo may inhibit angiogenesis. We 
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therefor© evaluated the role of PKA in the iuhibition of angiogenesis by PTHrP. We found 
that either pharmacological or genetic inhibition of PKA reversess PTHrP inhibition of 
aogiogenesis. A selective PKA inhibitor (H89) blocks the suppression of angiogenesis 
induced by PTEiiP 1-34 (P<0.0002, Figure 23a). Expression of mutationally inactive PKA 
(dnPKA) also reverses the inhibitory effects of PTHrP CP<0.0003, Figure 236). 
Furthermore, activation of PKA by cAMP (P<0.0003, Figure 23c) or by expression of the 
catalytic subunit of PKA ui the CAM (P=0.0005, Figure 23d) potently inhibits 
angiogenesis. These studies demonstrate that PTHrP ujhibits angiogenesis by activatuig 
PKA. Recent studies demonstrated that Rac activity is required for angiogenesis (Dormond 
et al. (2001) Nature Med. 7,1041-7). Taken together, these studies suggest that activation of 
PKA in endotheUal cells in vivo induces Rac inactivation and likely inhibition of cell 
migration m vivo, hi addition, PTHrP or PKA may inhibit angiogenesis by inducing 
apoptosis of proliferating endothelial cells in vivo. In fact, TUNEL staining of PTHrP- 
treated CAMs reveals that this hormone induces apoptosis in bFGF- but not saline- 
stimulated endothelial cells in vivo (Figure 23e). Expression of the PKA catalytic subunit in 
bFGF-stimulated CAMs or exposure of CAMs to cAMP also induces endothehal cell 
apoptosis in vivo (Figure 23/). These studies suggest that PTHrP inhibits angiogenesis by 
directly and specifLcally by inducing PKA dependent endothelial cell apoptosis. These 
studies further show that activation of PKA by hormonal, pharmacological or genetic means 
is a potent means to inhibit angiogenesis. 

All publications and patents mentioned in the above specification are herein 
incorporated by reference. Various modifications and variations of the described methods 
and system of tiie invention will be apparent to those skilled m the art without departing 
from the scope and spirit of the invention. Although the invention h^ been described m 
connection with specific preferred embodiment, it should be understood that the invention 
as claimed should not be unduly limited to such specific embodiment, hadeed, various 
modifications of tiie described modes for carrying out the invention which are obvious to 
those skilled in the art and m fields related thereto are intended to be within the scope of the 
followmg claims. 
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CLAIMS 

We Claim: 

SI. A method for reducing angiogenesis in a subject, ccmg}risiiig: 
a) providing: 

i) a subject comprising tissue that comprises endothelial cells; and 

ii) at least one nucleotide sequence encoding a protein comprising a 
protein kinase A catalytic subunit; and 

10 b) expressing said nucleotide sequence in said endothelial cells such that 

angiogenesis by said endothelial cells is reduced. 

2. The method of Claim 1 , further comprising step c) detecting a reduction in 
angiogenesis by said endothelial cells, 

15 

3. The method of Claim 1, wherein said subject is human. 

4. The method of Claim 1, wherein said tissue comprises at least one of ocular tissue, 
skin tissue, bone tissue, and synovial tissue. 

20 

5. The method of Claim 1 , wherein said tissue comprises a tumor. 

6. The method of Claim 5, wherein said tumor is maHgaant 

25 7. The method of Claim 6, wherein said malignant tumor is metastatic . 

8. The method of Claim 1, wherein said subject has a pathological condition associated 
with angiogenesis in said tissue. 

30 
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A method for increasing cell apoptosis in a subject, comprising: 

a) providing: 

i) a subject comprising tissue that con^rises cells; and 
n) at least one nucleotide sequence encoding a protein comprising a 
protein kinase A catalytic subunit; and 

b) expressing said nucleotide sequence in said cells such that apoptosis of said 
cells is increased. 



10. The method of Claim 9, wherein said subj ect is human. 

10 

1 1 . The method of Claim 9, wherein said cell is chosen fiom endothelial cell, vascular 
smooth muscle cell, monocyte cell, macrophage cell, benign himor cell, malignant tumor 
cell, fibroblast cell, B cell, T cell, myocyte cell, megakaryocyte cell, eosinophil cell, neurite 
cell, and synoviocyte cell. 

15 

12. The method of Claim 9, wherein said subject has a pafcological condition chosen 
iiom angiogenesis, restenosis, atherosclerosis, cancer, tumor metast^is, fibrosis, 
hemangioma, lymphoma, lesukemia, psoriasis, arthritis, autoimmune disease, diabetes, 
amyotrophic lateral sclerosis, graft rejection, retinopathy, macular degeneration, and retinal 

20 tearing. 

13. The method of Claim 12, \n^erein said pathological condition is fibrosis and said 
tissue is chosen from heart, limg, and liver. 

25 1 4. The method of Claim 12, wherein said pathological condition is an autoimmune 
disease chosen &om Li^us, Crohn's disease, and multiple sclerosis. 
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IS. A method ibr reducing mgiogenesis in a subject, comprising: 

a) providing: 

i) a subject comprising, tissue that comprises endotbeJial cells; and 

ii) at least one polypeptide sequence con^risiug a sequence chosen from 
5 ' atleastoneofAVSEHQLLHS/D(SEQIDNO:114)and 

SVSEIQLMNL (SEQ ED NO: 115); and 

b) treating said endothelial cells with said polypeptide sequence such that 
anglogenesis by said endothelial cells is reduced. 

10 16. The method of Claim 1 5 fvirthei' comprising step c) detecting a reduction in 
angiogenesis by said endothelial cells. 

17. A method for increasing cell apoptosis in a subject, comprising: 

a) providing: 

15 i) a subject comprising tissue that comprises ceUs; and 

ii) at least one polypeptide sequence comprising a sequence chosen fix)m 
at least one of AVSEHQLLHS/D (SEQ ID N0:114) and 
SVSEIQLMNL (SEQ ID NO: 1 15); and 

b) treating said cells with said polypeptide sequence such that apoptosis of said 
20 cells is inn 



1 8 . The method of Claim 1 7 finther comprising step c) detecting an increase in 
apoptosis of said cells. 



25 
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19. A method for reducing angiogenesis in a subject, comprising: 

a) providing: 

i) a subject comprising a tissue that comprises endothelial cells; and 

ii) at least one agent chosen from pertussis toxin, cholera toxin, G alpha 
i minigeatie, dominant negative G alpha i, dominant negative G alpha 
12/13, oonstitutively active G alpha s, anti-CD47 antibody, dominant 
positive Rho (RhoV14), dominant negative Src, and active Csk; and 

b) treating said endothelial ceUs with said at least one agent such that 
angiogenesis by said endothelial cells is reduced. 

20. The method of Claim 19, further comprising step c) detecting a reduction in 
angiogenesis by said endothelial cells. 

21. A method for increasing cell ^poptosis in a subj ect, comprising: 

a) providing: 

i) a subject comprising a tissue that comprises cells; and 

ii) at least one agent chosen from pertussis toxin, cholera toxin, G alpha 
i minigen&, dominant negative G alpha i, dominant negative G alpha 
12/13, constitutively active G alpha s, anti-CD47 antibody, dominant 
positive Rho (RhoV14), dominant negative Src, and active Csk; and 

b) treating said cells with said at least one agent such that apoptosis of said cells 
is increased. 

22. The method of Claim 21, fiather comprising step c) detecting an iucrease in 
apoptosis of said cells. 

23. A method for reducing angiogenesis in a subject, comprising: 

a) providing: 

i) a subj ect comprising a tissue that comprises endothelial cells; and 

ii) at least one Src inhibitor; and 

b) treating said endothelial cells with said at least one Src inhibitor such that 
angiogenesis by said endothelial cells is reduced. 
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24. A method for increasing cell apoptosis in a subject, comprising: 

a) providing: 

i) a subject comprising a tissue that comprises cells; and 

ii) at least one Src inhibitor; and 

b) treating said cells with said at least one Src inhibitor such that apoptosis of 
said cells is increased. 
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Figure 4 
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Figure? 
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Figures 
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Figure 9 
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Figure 10 
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Figure 11 
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Figure 12 
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Figure 14 
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Figure 17 
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Figure 18 
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Figure 20 
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Figure 22 
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SEQXJEilCE LISTIwa 

<110> The Regents of the University of California 

<X20> Methods for Inhibiting Angiogenesis, Cell Migration, Cell 
Adhesion, and Cell Survival 

<130> UCSD-07947 

<160> 116 

<170> Patentin version 3.2 

<210> 1 

<211> 68 

<212> DNA 

<213> Artificial Sequence 



<210> 2 

■ <311> .102 

<212> PRT 

<213> Artificial Sequence 



<400> 2 

. Asp Thr Val Lys Val Met Val Val Met Leu Ala lie Cys Phe Leu Ala 
15 10 15 

Arg Ser Asp Gly Lys Pro Val Lys Lys Arg Ser Val Ser Glu He Gin 
20 25 30 

Leu Met His Asn Leu Gly Lys His Leu Ser Ser Leu Glu Arg Val Glu 

35 - 40 45 

Trp Leu Arg Lys Lys Leu Gin Asp Val His Asn Phe Val Val Leu Gly 
50 55 60 

Ala Ser lie Val His Arg Asp Gly Gly Ser Gin Arg Pro Pro Lys Lys 
65 70 7S 80 

Glu Asp Asn Val Leu Val Glu Ser His Gin Lys Ser Leu Gly Qlu Ala 



Asp Lys Ala Ala Val Gly 
100 

<210> 3 
<211> 306 
<212> Dm 

<213> Artificial Sequence 
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306 



aagcctgtta agaagagatc fcgtgagtgaa atacagctta tgcataacct gggcaaacac 120 

ctgagctctc tggagagagt ggaatggctg cgaaagaagc tgcaggatgt gcacaacttt 180 

gttgttctcg gagcttctat agttcacaga gatggtggtt cccagagacc cccaaaaaag 240 

gaagacaatg tcctagttga gagccatcaa aaaagtctcg gagaagcaga taaagctgct 30O 

<210> 4 

<211> 67 

<212> PRT 

<213> Artificial Sequence 



<:40Q> 4 

Met Glu Arg Val Glu Trp Leu Arg Lys Lys Deu Gin Asp Val His Aan 
15 10 15 

Phe Val Ala Leu Qly Ala Pro Leu Ala Pro Arg Asp Ala Gly Ser Gin 
20 25 30 

Arg Pro Arg Lys Lys Glu Asp Asn Val Leu Val Glu Ser His Glu Lys 
35 40 45 

Ser Leu Gly Glu Ala Asp Lys Ala Asp Val Asn Val Leu Thr Lys Ala 
50 55 60 

Lys Ser Gin 



<210> 5 

<211> 290 

<212> DNA 

<213> Artificial Sequence 



<400> S 

aattctgtaa gggatccaag aagagategg tttctgagat ccaattgatg cataacttgg 60 

gtaagcactt gaactctatg gaaagagttg aatggttgag aaagaagctg caggacgttc 120 

acaacttcgt tgctttggga gctccattgg ctccaagaga cgctggttct caaagaccaa 180 

gaaagaagga agacaacgtt ttggttgaat ctcacgaaaa gtctttgggt gaagctgaca 240 

aggctgacgt taacgtgtta actaaggcta aatcgcaata aagatcttga 290 

<210> 6 
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<211> 120 
<212> DKA 
<213> Homo sapiens 

<400> 6 

aggagctcca agggcaacaa aattgtgcac atcctgcagc ttcttacgca gccattctac 60 
tctctccatc gagttcagat gttttcccag gttatgcata agctgtattt cactcacaga 120 

<210> 7 

<2ll> lis 

<212> DNA 

<213> Bomo sapiens 

<400> 7 

gagtcatcat ccatttccca ttttccctct ccatccacaa gcatatactc aatattcagt 60 
ettttttttt tttttttttg agacagggtc tcactctgtc gcccaggctg gagtac IIS 

<210> 8 

<211> 115 

<212> PRT 

<213> Homo sapiens 

<400> 8 

Met lie Pro Ala Lys Asp Met Ala Lys Val Met He Val Met Leu Ala 
15 10 15 

He Cya Phe Leu Thr Lys Ser Asp Qly Lys Ser Val Lys Lys Arg Ser 
20 25 30 

Val Ser Glu He Gin Leu Met His Asn Leu Qly Lys His Leu Asn Ser 
35 40 45 

Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Qln Asp Val His Asn 
50 55 60 

Phe Val Ala Leu Qly Ala Pro Leu Ala Pro Arg Asp Ala Gly Ser Qln 
65 70 75 80 

Arg Pro Arg Lys Lys Glu Asp Asn Val Leu Val Glu Ser His Glu Lys 



<210> 9 

<211> 772 

<212> DWA 

<213> Homo sapiens 



tgtctttagt ttactcagca tcagctacta acatacctga acgaagatct tgttctaaga 
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cattgtatgt gaagatgata cctgcaaaag acatggctaa agttatgatt gtcatgttgg 120 

caatttgttt tcttacaaaa tcggatggga aatctgttaa gaagagatct gtgagtgaaa ISO 

tacagcttat gcataacctg ggaaaacatc tgaactcgat ggagagagta gaatggctgc 240 

gtaagaagct gcaggatgtg cacaattttg ttgaccttgg agctcctcta gctcccagag 3 00 

atgatggttc ccagaggccc cgaaaaaagg aagacaatgt cttggttgag agccatgaaa 360 

aaagtcttgg agaggcagac aaagctgatg tgaatgtatt aactaaagct aaatcccagt 420 

gaaaatgaaa acagatattg tcagagttct gctctagaca gtgtagggca acaatacatg 4 80 

ctgctaattc aaagctctat taagatttcc aagtgccaat atttctgata taacaaacta 540 

catgtaatcc atcactagcc atgataactg caattttaat tgattattct gattccactt 600 

ttattcattt gagttatttt aattatcttt tctattgttt attcttttta aagtatgtta 660 

ttgcataatt tataaaagaa taaaattcga cttttaaacc tctcttctac cttaaaatgt 720 

aaaacaaaaa tgtaatgatc ataagtctaa ataaatgaag tatttctcac tc 772 

<210> 10 
<211> 27 
<212> DNA 
<213> Unknown 



<400> 10 

gatcctcatt actgggattt agcttta 

<210> XI 

<211> 42 

<212> DNA 

<213> Unknown 



<223> Synthetic 
<400> 11 

tgaaaaatcc ctaggcgagg cagacaaggc cgatgtgaat gt 



<210> 12 

<211> 263 

<212> DNA 

<213> Artificial Sequence 



<4D0> 12 

tatgtctgtg tccgagattc agttaatgca taaccttggc aaacatttga actccatgga 60 

gcgtgtagaa tggctgcgta agaagttgca ggatgtgcac aattttgttg ccttaggtgc 120 

cccattggct cctcgtgatg ctggttccca aagaccacgt aaaaaggaag acaatgtctt 180 

agttgagagc catgaaaaat ccctaggcga ggcagacaag gccgatgtga atgtattaac 240 

taaagctaaa tcccagtaat gag 263 
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<210> 13 

<211> 614 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic 

<400> 13 



tttgagtgag 


aaatac^^ca 


tttatttaga cttatgataa ttacattttt gttttacatt 


60 


ttaaggtaga 


agagaggttt 


aaaagtcgaa ttttattctt ttataaatta tgcaataaca 


120 


tactttaaaa 


agaataaaca 


atagaaaaga taattaaaat aactcaaatg aataaaagtg 


ISO 


gaatcagaat 


aatcaattaa 


aattgcagtt atcatggcta gtgatggatt acatgtagtt 


240 


tgttatatca 


gaaatattgg 


cacttggaaa tcttaataga gctttgaatt agcagcatgt 


300 


attgttgccc 


tacactgtct 


agagcagaac tctgacaata tctgttttca ttttcactgg 


360 


gatttagctt 


tagttaatac 


attcacatca gctttgtctg cctctccaag acttttttca 


420 


tggctctcaa 


ccaagacatt 


gtcttccttt tttcggggcc tctgggaacc agcatctctg 


480 


ggagctagag 


gagctecaag 


ggcaacaaaa ttgtgcacat cctgcagctt cttacgcagc 


540 


cattctaatc 


tctccatcga 


gttcagatgt tttcccaggt tatgcataag ctgtatttca 


600 


ctcacagatc 


tctt 




614 



<210> 14 

<211> 68 

<212> DKA 

<2X3> Unknown 

<220> 

<223> Synthetic 
. <400> 14 

atacaatgte ttagaacaag atcttcgttc aggtatgtta gtagctgatg ctgagtaaac 60 
taaagaca 58 



<210> 15 

<211> 115 

<212> PRT 

<213> Homo sapiens 

<400> 15 

Met lie Pro Ala Lys Asp Met Ala Lys Val Met He Val Met Leu Ala 
1 5 10 15 

He Cys Phe Leu Thr Lys Ser Asp Qly Lys Ser Val Lys Lys Arg Ser 

20 25 30 

Val Ser Glu He Gin Leu Met Hia Asn Leu Qly Lys His Leu Asn Ser 
35 40 45 



Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gin Asp Val His Asn 
50 55 60 
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Phe Val Ala Leu Gly Ala Pro Leu Ala Pro Arg Asp Ala Gly Ser Gin 
65 70 75 80 



Arg Pro Arg Lys Lys Glu Asp Asn Val Leu Val Glu Ser His Glu Lys 
85 90 95 



Ser Leu Gly Glu Ala Asp Lys Ala Asp Val Asn Val Leu Thr Lys Ala 
100 105 110 

Lys Ser Qln 
115 



<210> 16 

<211> 1156 

<212> DNA 

<213> Homo sapiens 






<400? 16 
aagcttctcg 


tgaaaaccaa 


CGcaattagt tagtattgca ttctgtgtac tatagtttgg 


60 


aatattaaaa 


atattttaaa 


atacctccat tttgcttatc cttttagtga agatgataec 


12 0 


tgcaaaagac 


atggctaaag 


ttatgattgt catgttggca atttgtfcttc ttacaaaatc 


180 


ggatgggaaa 


tctgttaagt 


aagtactgtt ttgccttgga attggatttt taatgttgac 


240 


tttatcattt 


cgaagtgggg 


agctaatggg aagtggccct ctctgtttct cttcttccca 


300 


ggaagagatc 


tgtgagtgaa 


atacagctta tgcataacct gggaaaacafc ctgaactcga 


360 


tggagagagt 


agaatggctg 


cgtaagaagc tgcaggatgt gcacaatttt gttgcccttg 


420 


gagctcctct 


agctcccaga 


gatgctggtt cccagaggcc ccgaaaaaag gaagacaatg 


480 


tcttggttga 


gagccatgaa 


aaaagtcttg gagaggcaga caaagctgat gtgaatgtat 


540 


taactaaagc 


taaatCGcag 


tgaaaatgaa aacagatatt gtcagagttc tgctctagac 


600 


agtgtagggc 


aacaatacat 


gctgctaatt caaagctcta ttaagatttc caagtgccaa 


660 


tatttctgat 


ataacaaact 


acatgtaatc catcactagc catgataact gcaattttaa 


720 


ttgattattc 


tgattccact 


tttattcatt tgagttattt taattatctt ttctatfcgtt 


780 


tattcttttt 


aaagtatgtt 


attgcataat ttataaaaga ataaaattgc acttttaaac 


34 0 


ctctettcta 


ccttaaaatg 


taaaacaaaa atgtaatgat cataagtcta aataaatgaa 


900 


gtatttctca 


ctcattgcaa 


gtatatcttt ttggttatca ctgataccca catgtttaca 


960 


tfcgatcatga 


ctaggtagaa 


caatacaaag tattttttta gtcatgtgtt tcacatttgg 


1020 


atattttgaa 


catcaacgtt 


ttagtattac caaagtatta ggtttccaaa tcttcactag 


1080 


ctcaatactg 


ttgtcctttt 


ggtttcagga aaggaaataa aatgctcagc aaaaaaaggg 


1140 


ggcataaaag 


tggacc 




1155 


<210> 17 
<211> 526 
<212> DMA 
<213> Homo 


sapiens 
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ttgcataagc cccttgtcaa gccaaatgct gttttccttt tagtatccaa ttatctgaaa 120 

cttaagaaga gtgtgcaccg cccaatgggt gtgtgtatgt gctgctttga aactatagtt 180 

gagatccaga gaattgggag tgacatcatc tgtaacaata aaagagcctc tcttggtaag 240 

cagaagacct atatataaaa gtcaccattt aaggggtctg cagtccaatt catcagttgt 3 00 

Gtttagttta ctcagcatca gctactaaca tacctgaacg aagatcttgt tctaagacat 360 

tgtatggtaa gtaaacttaa aaattcactt ctgaatctca tgagattttg ataatcaagt 420 

tattatttaa tgtgtaccat ttctacaaat accatgttgt ttcttcaagg taaaatgcta 480 

agaagtttga gttatgttta atataaaatg ccacatacaa aaataa 526 

<210> 18 

<211> 115 

<212> PRT 

<213> Mus tnusculus 

<400> 18 

Met Met Ser Ala Asn Thr Val Ala Lys Val Mat He He Met Leu Ala 
1 5 10 . 15 , 

Val Cys Leu Leu Thr Gin Thr Asp Gly Lys Pro Val Arg Lys Arg Ala 
20 25 30 

Val Ser Glu He Gin Leu Met His Asn Leu Gly Lys His Leu Ala Ser 
35 40 45 

Met Glu Arg Met Gin Trp Leu Arg Arg Lys Leu Gin Asp Met His Asn 
50 55 60 

Phe Val Ser Leu Gly Val Gin Met Ala Ala Arg Asp Gly Ser His Gin 
65 70 75 80 

Lya Pro Thr Lys Lys Glu Glu Asn Val Leu Val Asp Gly Asn Pro Lys 



<210> 19 

<211> 714 

<212> DWA 

<213> Mus musGulus 
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ccagcttact acagcatcag tttgtgcatc cccgaaggat cccctttgag agtcattgta 120 
tgtaaagatg atgtctgcaa acaccgtggc taaagtgatg atcatcatgc tggcagtctg 



180 

tcttcttacc caaacggatg ggaaacccgt gaggaagaga gctgtcagtg aaatacagct 240 

tatgcacaac ctgggcaaac acctggcctc catggagagg atgcaatggc tgagaaggaa 3 00 

gctgcaagat atgcacaatt ttgttagtct tggagtccaa atggctgcca gagatggcag 360 

tcaccagaag cccaccaaga aggaggaaaa tgtccttgtt gatggcaatc aaaaaagtct 420 

tggtgaggga gacaaagctg atgtggatgt attagttaaa tcaaaatctc agtaaatigct 480 

gatttattct agacagtgca gggcactgac atatgctgct accttfctcaa gcttatgaag 540 

atcaccaagt gctaatactt ctactgtaat gaaactttgg aatttttttg attacatttt 600 

tgctcattta aggtctcttt caatgattcc atttcaatat gctcttcttt ttaaagtact 660 

actcdtttac acttctctcc ttaaatataa ataaagcttt aatgctcatg aatc 714 

<210> 20 

<211> 5198 

<212> DNA 

<213> Homo sapiens 

60 

taagaaggta ggtctcatgt tgtgttcttc taaacgacaa ggaaactttg agaagtgctg 120 

gctatgtcta ttaccttaat tgtggtgatg gtatcacagg gataacatgt atgtccaaac 180 

tcatcacatt gtacacatta aatatgaaca gttctttgta tatcaattga acctcagtaa 240 

atttgttttt tttttttaaa aagggagtag aaattatcca atctgttcac aaaacatgga 300 

attagagaga tgtagctgga tttttcagcc ctggaagctt gttgatgtca aattcccaaa 360 

gctgtactaa ttcctattga gcaaacagaa ggaaaaagta tccgtcttaa cttaaacctt 420 

ccataaggga acagggcaca acacatggta ttttgtcctt cccaaatgtg aggaatacat 480 

tagattgttt gaccctagct tcagtacttt agaatgctaa gaaaagctga cgttttcaaa 540 

gcaaaaagct gtgctcagct cttctctgtc acggtgtcat cagtctcttg tgcccacata 600 

tcccctaacc ctgtcctcct aagtgatttc cttctatcta atacctgcag gtccagaacg 660 

tgatggttca gataaactat atatcaagtc ttggcagcta tattactgct ttgtgggaag 720 

gtcaagtagt cctttgaaaa atttgaagga cacaacaata ttactcatgc acacatttag 780 

agtttagaga ggactgcaag acaaaactcic ttggcattca cacaataatc ttccaaaatt 840 

gtacccaaat cttacttctt tggagtcatc atccatttcc ccattttccc tctccatcca 900 

caagcatata ctcaatattc agtctttttt tttttttttt ttgagacagg gtctcactct 960 

gtcgcccagg ctggagtaca gtggcatgat cagagttcac tgcagcctcc atcttccagg 102 0 

tttgggtgat cctcccatct cagcctcctg agtatctgag actacaggtg tgcaccacca 1080 

catcctgctg attttttttt taacttttag gagagatgag gtcttgctat gttgcccagg 1140 

ctggtctcaa actcctaaac tcaagcaatc cccttgcctt ggcctcccaa agtgctgaga 1200 
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ttacaagtgt 


gagccactgc 


gtctattcag 


tcttcattgc 


ctgcatgcct 


gtgcgcatgc 


1260 


agttccctct 


gtcctttctt 


accttctctg 


atggaaaaca 


caatcacctg 


tcaggacagt 


1320 


tcagcttttc 


agtaaaacag 


cttccaacaa 


ctttagggaa 


attgtcactt 


cctcttctgt 


1380 


gcttttataa 


gtctttgttc 


ataaccctat 


tataatacct 


atcacattat 


attataatta 


1440 


tgtgttaaat 


ttcaaggcat 


tgattatgtc 


tcaattatcc 


agtgattaab 


acagccGctg 


ISOO 


gcagatagta 


ttcaacgcat 


ttttttgagt 


gaacaaatga 


gtgaccactg 


tctgaactat 


1560 


ttgctttatt 


tttctgtaaa 


actagtttaa 


taatgtggtt 


gccttggtat 


gacaatttat 


1620 


tctataaata 


agtgtaagag 


aaagaagaac 


aagaaagtga 


taattgcatc 


actcctagaa 


1680 


ggctgtcaat 


tacattaaac 


ttacccaaag 


cgggaaaaat 


otccaaatca 


gaatattaag 


1740 


catggcttta 


taataacaat 


gcaaaaaatg 


tgtttataaa 


accatttgtg 


tatgcagaag 


1800 


attgaaactg 


gacctgttcc 


cttacactat 


atacaaaaat 


taactcaaga 


tggattaaag 


1860 


atccgaaact 


ataaaaaccc 


tggaagacaa 


cattggcaat 


actgttatag 


acataggaat 


1920 


gagcaaagat 


ttcatgaaga 


agatgccaaa 


agcaatggca 


atgaaagcaa 


aaattaacaa 


1980 


atgagatata 


attaaactaa 


agagcttctg 


cacagcaaaa 


gaaactatca 


•acagagtaaa 


2040 


gagacaacct 


acagaafcggg 


agaaaatttt 


tgcaaaotat 


gcatctgaca 


aaggcctaat 


2100 


atccaacatc 


tataaattaa 


acaaatttac 


aagaaacaaa 


caaccccatt 


aaaaagtggg 


2160 


taaaggacat 


gaacagacat 


ttttcaaaat 


aagacataca 


tgtggccaac 


aagcgtatgg 


2220 


aaaaaagctc 


aacatcactg 


atcatcagag 


aaatgcaaat 


caaaaccata 


acgagccacc 


2280 


atctcacacc 


agtcagaatg 


gctgttatca 


aaaagccaaa 


aaataacagg 


tatgggtgag 


2340 


gttgtggaga 


aaaaggaaca 


tttatacaet 


gttagtggga 


gtgtaaatta 


gttcaacaab 


2400 


tgtggaaaac 


agtgtggcga 


tccotcaaag 


actaaaagcaa 


aaactacaat 


ttgatccagc 


2460 


aatcccatta 


ctgggtatat 


actcaaagga 


atataaatca 


ttctataata 


aagacatatg 


2520 


catgcgtatg 


ttcattatag 


cactattcac 


aatagcaaag 


acatgcaatc 


aacctaaatg 


2580 


cccaacagtg 


gtagaetgga 


taaagaatao 


gtggtgcota 


cataceatgg 


aataetaggc 


2640 


agccataaaa 


aagaacaaga 


tggagctaga 


ggccactatc 


cttagcaaac 


taacatagga 


2700 


acagaaaacc 


aaatatctca 


tggtctcact 


tataattggg 


agctaaaaga 


tgagaacaca 


2760 


tggacacaaa 


gaagggaacc 


acacacactg 


gggcttactg 


aaggatggag 


agtggaagga 


2820 


ggcggaggat 


caggaaaaat 


aactaatggg 


cactaggctt 


aatacctggg 


tcatgatata 


2880 


attagtacaa 


taaacctcca 


cgacatgagt 


ttacctatat 


aacaggcctg 


tacatgtacc 


2940 


cctgaactta 


aaagttaaaa 


aataaaaatc 


cattagtggc 


tgggtgtggt 


ggctcatgcc 


3000 


tgtaatccca 


gcactttggg 


agcgagaggt 


gggaggactg 


cttgagccaa 


ggacagcctg 


3060 


ggcaatttag 


tacactctgc 


ctccacaaaa 


atttaaaaat 


tagctggttg 


tggtgctgtg 


3120 


tgcctatagc 


ccGcactact 


cagaaggctg 


aggtggaagg 


actgcttgag 


ccccgaaagt 


3180 


tgaggcfcgcc 


atgtccatac 


cactgcacca 


ctccagtctg 


agtgacagag 


tgagatccta 


3240 
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tcteaaagaa aaaagaaaaa ccatctgtat ttccaattct tcttctcaao agagtatage 3300 

agaaaaatga aacacaaaca tcacatgtag agtttgcatc agaagaggtc tttaaaaaga 33S0 

tcaagacaac agatttttac agttaaaaga gacctcttgg ttatctagtt caactttctt 3420 

ctatgtatga atctctatag tatgcctgat aaatgctcat ctaccttcta cttgaatatt 3480 

ctcagtgatg gagaaatcac tatttgagaa ggtacttgat tccttatttt gacaattata 3540 

atgtccaagt taaacccaat gaacccagcc cttccttctt aaaceacaga gaatactcct 36O0 

tcttccttat ggtaaoccta taaataatta aacacagcta taaagtcatc ccgtcttttt 3660 

ttcctcagac ttttctagtt tcattcaact acttctcatg ttatagtttt caacattttc 3720 

accaaactga ttgatatcct cagtgfcatgt tcccatttgt ttctacstgcjt tctaaaatgg 37S0 

agcctggagc aacactctaa gtgaggttaa cccagagtgg agaatctcct aggacaggac 3840 

tagtatatat ctctcattat aaactccata cggttaatat tcaaatttgt actggctctt 3900 

acctaaggta gagtcaaacc ttgacaatgg ctagtaggaa aaaggatgac atgaagccag 3960 

gatgggacca gagctgagag aactgatecc actctggcac cggatctttg gtgggaagga 4020 

aaagctgtct aaaggagtcc tagatatatc aaagacattc agggtgtttt gacaggtgga 4080 

ccaggcaaat attgctggag gaatatttga agtcagacat gtggcagcat catgcctaca 4140 

ataggttttg gagcaggctc tcatcatccc ttagggaaca tgagaataaa gacctaaccc 4200 

Gtaggggaaa atgttgcaaa gagcttttgc tgtgttttca gatgactttg caaattaaag 4260 

tcaagaagac tggagttcaa agaagggctg tatttctagg cagaaactga ggtagbaaga 4320 

atctggtgtc ataaagaccJt ttgttgaatt ccatcttttc tgctttccaa gcctaagttt 43 30 

cetcatgtaa aaatggggat aagcacttaa ctttagtact ttaagtacta actttaaagg 4440 

actgctgtga agatctagtg ggataafcata tgtagttagg qatgcagtta gtgcttatca 4500 

aatgttatta ttatagatta aga'tgcacaa ataaaatata agttaaataa attttaaaat 4560 

aatttcactt ttgaagcttt taaagtaatt atgtactaag agcattttct caaattattc 4 62 0 

ttaacacttc ctttaagaaa agggctatat ctgttttttg aaagatgacc agaagtgaca 4680 

tggattggtt gaaaatggct tgtaaagtaa gcctaacatt tatgatttat taccataaaa 4740 

actgtaccaa cagfcacggtt ataacaaata cacttatttt tggattttat tttcaagtaa 4800 

gataatgact ttatcataaa cctttgaaat cagtcttttt acagtataaa ttcagattca 4 860 

ttaatccaca tagaattttt ctcgatggta taattctgta tttgttaaaa gtctttgcat 4920 

aagocccttg tcaagccaaa tgctgttttc cttttagtat ccaattatct gaaacttaag 4 980 

aagagtgtgc accgcccaat gggtgtgtgt atgtgctgct ttgaacctat agttgagatc 5040 

cagagaattg ggagtgacat catctgtaac aataaaagag cctctcttgg taagcagaag 5100 

acctatatat aaaagtcacc atttaagggg tctgcagtcc aattcatcag ttgtctttag 5160 

tttactcagc atcagctact aacatacctg aacgaaga 5198 
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<210> 21 

<211> 84 

<212> PET 

<213> Homo sapiens 

<:400> 21 

Met Ala Cys Leu Ala Gly Arg Cys Leu Gly Leu Thr Phe Phe Glu Lys 
15 10 15 

Cys Trp Leu Val Pro Ala Pro Gly Lys Pro Gly Val Gly Gly Gly Ser 
20 25 30 

Val Leu Thr Arg Gly Ala Pro Gly lie Gin Asp Ala Ser Arg Gly Leu 
35 40 45 

Trp Leu Pro Val Leu Met Lys Asp Ser Ala Ser Ala Ser Thr Leu Gly 
50 55 60 

Thr Gly Ser Trp Val Ala Lys Pro Ser Gin Arg Lys Asp Trp Ala Gin 
S5 70 75 80 

Leu Acg Leu Ser 

<210> 22 

<211> 1675 

<212> DHA 

<213> Homo sapiens 



.<400> 22 



atctgcacgc 


tttctgcgag gcctcagaac ttcccagggc ccctccctca aattgtctcc 


60 


atgggaaact 


tgaoccagtg gcaagttgca ctttggtgat cttggtggtc tacacacccg 


120 


ttctgtggag 


agtcgattta aataagctgt gtatacacac acaoacacac acacacacac 


180 


□cctacccca 


cactgactgt ctaccgacaa agaccctatt tcctggcaaa cggcctcctg 


240 


aaccctgact 


ttttgtgtac atacttgtaa acacggattt ttctgggttt tggtttgctt 


300 


tttccttttt 


tccccctgcc cctgttctag cttgttcttc ttggtttgct ttcaacctgc 


360 


ttgatggatg 


tctgcagagt gctctctaag agtccacctc agtgcctcgt gtgctcagtg 


420 


gtcatgggaa 


aggagcgaag gaaccatcct tggttctccc agcttggttg tgtagcaatc 


4B0 


cctcagcatt 


gtttttctca gottcttggc aaaaattaaa acaacaacaa caacaacaac 


540 


aacaacaaca 


aacagaagga taaactggct tgcctgtgga ccctccctgg ctotggggcc 


600 


agtcgagagc 


cactgaggga cccagcactc agagacacaa cacacatgtg tagctgcttc 


S60 


tggctgagtg 


tgtttcctgt caccaatggc ctgtttggct ggacgatgcc tcggcttgac 


720 


cttttttgaa 


aagtgctggt tagttcccgc ccctggtaaa cctggggtag gtgggggttc 


780 


tgtcttaact 


cgaggggcac ctgggatcca ggacgcttct agggggctct ggctgcccgt 


840 


gttaatgaag 


gacagcgctt ccgcgagcac cctgggaact gggtcttggg tagcaaagcc 


900 


ctcccagaga 


aaagattggg cacaactaag gctttcctga gcaggaaggg ggtgaagacc 


960 
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aatcGcttcc tttggtcott tggtacgcac cccctcagag ctgagatgga agacatggct 1020 

agttcttttc agccttgtgg agcctgtcag tcgccatcat acctcgagtg aggcccagct 1080 

agataatgac ttgtccaaga tggcacacgt ggaaagttga tctgcaccag aacccggatg 1140 

actgtcacct tgaagcatcc tgttctcctt ctgtgctgtc ccaggaagfcg tctggcgggc 1200 

gtgggcagca cagctctaoa ctgtacgatt cactagggca tcctgcgagc ctcactagcc 1260 

ttctggttca tgcctttgac aagcattttt gtgccccotc tgottactgt gacagtcgat 1320 

gatgaatett gcjgttgccat tttctgctgt gggtaactgc gtgcagtgtc ttgccttgct 1380 

ttctcttctt actgtcccac agcttggttt catgttacaa acagaaaagc tegaggctcc 1440 

caccccgcca catcccaact tcatttcccc ctcactgtag ceeatttcca ccccaccaca 1500 

aagtfcgccac aggttttctt tgtatagaat atttattttg aagctctatt ttaatagtat 1560 

ttattttaga aagtctacta ttgtaagagt tcttctgttt gtgaagaaaa aaacaagtta 1S20 

aaaactgaat gtactgattt agaaaatata tataaatata tattgttaaa tatac 1675 

<210> 23 

<211> 115 

<212> PRT 

<213> Felis catus 

<400> 23 

Met Met Ser Ala Lys Asp Met Val Lys Val Met Val Val Met phe Ala 
15 10 15 

He Cys Phe Leu Ala Lys Ser Asp Gly hys Pro Val Lys Lys Arg Ser 
20 25 30 

Val Ser Glu lie Gin Phe Met His Asn Leu Gly Lys His Leu Ser Ser 
35 40 45 

Val Glu Arg Val Glu Trp Leu Arg Arg Lys Leu Gin Asp Val His Asn 
50 55 60 

Phe Val Ala Leu Gly Ala Pro He Ala His Arg Asp Gly Gly Ser Gin 
65 70 75 80 

Arg Pro Arg Lys Lyg Glu Asp Asn Val Pro Ala Glu Asn His Gin Lys 



Ser Leu Gly Glu Ala Asp Lys Ala Aap Val Asp Val Leu He Lys Ala 
100 105 110 
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gcacgaggaa 


agtatcagct 


gtcaagacac 


ctgaaagatc 


ttgtcacaac 






aagatgatgt 


ctgcgaaaga 


catggttaag 


gtcatggttg 


tcatgtttgc 


aatttgcttt 




ctfcgcaaaat 


cggatgggaa 


ac cfcgttaag 


aagaggtctg 


tgagtgaaat 


acagtttatg 




cataacctgg 


gcaagcatct 


gagctccgtg 


gagagggtag 


aatggctgcg 


gaggaaacta 




caggatgtac 


acaactttgt 


cgccctcgga 


gctccaatag 


ctcacagaga 


tggtggttcc 




cjagaggcccc 


gaaaaaagga 


agac aatgt c 


ccggctgaga 




aagtcttgga 




gaagcagaca 


aagctgatgt 


ggatgtgtta 


atcaaagcta 


aatcccagtg 


aagacagagc 


420 


agagcactgc 


tatacacagg 


atagggcaac 


aaaattacat 


gctgctaaca 


ttctcaagct 


480 


ttgaagatca 


Gcaaatgcca 


atatttacgt 


ctaatccatg 


gctagccacg 


atagctgaaa 


540 


ttctaattga 


ttgttttgat 


tctactttta 


ttcatgtaag 


gcctctttta 


attattccat 


600 


ttctgttgtt 


tattcttttt 


aaagtatgtt 


attgcataat 


ttataaaaga 


ataaaattgc 


660 


actttgtaaa 


CtGtCtCGCa 


tcgtacactg 


caaaataaaa 


atttaatgat 


cataatttta 


720 


aaaaaaaaaa 


aaaaaaa 










737 



<:210> 25 
<211> 115 
<212> PRT 

<213> Rattus norvegicus 
<400> 25 

Met Met Ser Ala Ser Thr Met Ala Lys Val Met He Leu Met Leu Ala 
15 10 15 

Val Cys Leu Leu Xhr Gin Ala Asp Gly Lys Pro Val Lys Lys Arg Ala 
20 25 30 

Val Ser Glu He Gin Leu Met His Asn Leu Gly Lys Hia Leu Ala Ser 
35 40 45 

Val Glu Arg Met Gin Trp Leu Arg Lys Lys Leu Gin Asp Val His Asn 
50 55 60 

Phe Val Ser Leu Qly Val Gin Met Ala Ala Arg Glu Gly Ser Tyr Gin 



Arg Pro Thr Lys Lys Glu Glu Asn Val Leu Val Asp Gly Asn Ser Lys 
85 90 95 
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<210> 26 

<211> 704 

<212> DNA 

<213> Rattus norvegicus 
<4O0> 



<4UU> 

ctgcatatga aactcaggct tgaagaactg cagtccagtt catcagctgt ctggcttact 
ccagcttaat acagggtcac tcctgaagga tcctctctga gagtcattgt atgtgaagat 
gatgtctgca agcaecatgg ctaaggtgat gatcctcatg ctggcagttt gtotccttac 
ccaggcagat gggaaaccog ttaagaagag agctgtcagt gaaatacagc ttatgcacaa 
cctgggcaaa oacctggcct ctgtggagag gatgcaatgg ctgagaaaaa agctgcaaga 
tgtacacaat tttgttagtc ttggagtcca aatggctgcc agagaaggca gttaccagag 
gcccaccaag aaggaggaaa atgtccttgt tgatggcaat tcaaaaagtc ttggcgaggg 
ggacaaagct gatgtggatg tattagttaa ggctaaatct cagtaaatgc tgacgtattc 
tagaccgtgc tgagcaataa catatgctgc tatdctttca agctccacga agatcaccaa 
gtgctaattc ttctactgta ataaaagttt gaaatttgat tccacttttg ctcatttaag 
gtctcttcca atgattccat ttcaatataf tcttcttttt aaagtattac acatttccac 660 
ttctetcctt aaatataaat aaagtttaat gatcatgaac 



z caaa 



<210> 27 
<211> 115 
<212> PRT 

<213> Macaca fascicularis 
<400> 27 

Met lie Pro Ala Lys Asp Met Ala Lys Val Met lie Val Met Leu Ala 



He Cys PhS" Leu Thr Lys Ser Asp Gly Lys $er Val Lys Lys Arg Ser 
20 25 30 

Val Ser Glu He Gin Leu Met His Asn Leu Gly Lys His Leu Asn Ser 
35 40 45 

Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gin Asp Val His Asn 
50 55 60 

Phe He Ala Leu Gly Ala Pro Leu Ala Pro Arg Asp Ala Gly Ser Gin 
65 70 75 80 

Arg Pro Arg Lys Lys Glu Asp Asn He Leu Val Glu Ser His Glu Lys 



Ser Leu Gly Glu Ala Asp Lys Ala Asp Val Asp Val Leu Thr Lys Ala 
100 105 110 



120 
180 

240 
300 
360 
420 
480 
540 
600 



704 
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<210> 28 
<211>- 606 
<212> DNA 

<213> Macaca fascicularis 
<400> 23 

tcgtgaaaac caacccaatt agttagtatt gcattctgtg tactatagtt ttgaatatta fiO 

aaagtatttt aaaatacctc cattttgcct ttccttttag tgaagatgat acctgcaaaa 120 

gacatggcta aagtaatgat tgtcatgttg gcaatttgct ttcttacaaa atcagatggg 180 

aaatctgtta agtaagtact gttttgcctt ggaattggat ttttaatgtt gactttatca 240 

ttfctgaagtg gggagctaat gggaagtggc cctctctgtt tctcttcttc ccaggaagag 300 

atctgtgagt gaaatacagc ttatgcataa cctgggaaaa catctgaact cgatggagag 360 

agtagaatgg ctgcgtaaga agctgcagga tgtgaacaat tttattgccc ttggagctcc 420 

tctagctocc agagatgctg gttcccagag gccccgaaaa aaggaagaca atatcttggt 480 

agagagccat gaaaaaagtc ttggagaggc agacaaagct gatgtggatg fcattaactaa 540 

agctaaatcc caatgaaaat gaaaatagat atggtcagag ttctgctcta gacagtgtag 600 

ggcaac 606 

<210> 29 

<211> 552 

<212> DNA 

<213> Mus musculuB 

<400> 29 

aaaatataaa ctcagtatta tcgattatgt caaaaatttc taggtggaca cttagtattt 60 

gctacatctt cttttgcaet ttctttgtca gaaccctgct caattttcat ctactatcta 12 0 

gttatctgaa actttagagg agtgggcacc accccatgag ggtatgtggc tgttctgatc 180 

ctgtgattga gagccagaga accaggagtg acatcatcct taacaataaa atactcctct 240 

tggtgagcaa aaagcctgca tatgaaactc agacttgaag aactgcagtc cagttcatca 3 00 

gctgtctggt ttactccagc ttactacagc atcagtttgt gcatccccga aggatcccct 360 

ttgagagtca ttgtatggta aggaacctct caactgccct ttttaaattc tgtgaggttt 420 

agaaaattga gctagttttt ttaatacata ccatctccta ccaatatcat gccattttta 480 

aaaaaattga aatgttaaag gaaggtgaat fcttgctaaac agaaaaatgt agaggtaaaa 540 

tacatttatg gt 552 

<210> 30 

<211> 115 

<212> PRT 

<213> Mus musculus 
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Met Met Ser Ala Asn Thr Val Ala Lys Val Met He He Met Leu Ala 
15 10 15 

Val Cys Leu Leu Tlir Glu Thr Asp Gly Lys Pro Val Arg Lys Arg Ala 
20 25 30 

Val Ser Glu He Gin Leu Met His Asn Leu Gly Lys His Leu Ala Ser 
35 40 45 

Met Glu Arg Met Gin Trp Leu Arg Arg Lys Leu .Gin Asp Met His Asn 
SO 55 60 . 

Phe Val Ser Leu Gly Val Gin Met Ala Ala Arg J^p Gly Ser His Gin 
S5 70 7B 80 

Lys Pro Thr Lys Lys Glu Glu Asn Val Leu Val Asp Gly Asn Pro Lye 
85 90 95 

Ser Leu Gly Slu Gly Asp Lys Ala Asp Val Asp Val Leu Val Lys Ser 
3.00 105 110 



Lys Ser Gin 

115 



<210> 31 



<211> 1045 
<212> DNA 



<213> Mus 


mus cuius 








<400> 31 
gctaateatt 


gcttgctttg 


gtggctatgg ataacaacta cJtgaggctgt 


atttacaata 


60 


ctttagaaca 


ctgacagtat 


cttaaaatat ctcaaggttg tttcttcttt 


tagtaaagat 


12 0 


gatgtctgca 


aacaccgtgg 


ctaaagtgat gatcatcatg ctggcagtct 


gtcttcttac 


180 


ccaaacggat 


gggaaacccg 


tgaggtaagt gctgcagccc attgtgcaca 


gggaagtgtg 


240 


gactcgaggc 


tttgtagtgg 


gttttaacgt tgtgggcatg gggagctaat 


ggaacggtcc 


300 


gctctttctc 


ttctttctag 


gaagagagct gtcagtgaaa tacagcttat 


gcacaacctg 


360 


ggcaaacaco 


tggcctccat 


ggagaggatg caatggctga gaaggaagct 


gcaagatatg 


420 


cacaattttg 


ttagtcttgg 


agtccaaatg gctgccagag atggcagtca 


ccagaagccc 


480 


accaagaagg 


aggaaaatgt 


ccttgttgat ggcaatccaa aaagtcttgg 


tgagggagac 


540 


aaagctgatg 


tggatgtatt 


agttaaatca aaatctcagt aaatgctgat 


ttattctaga 


600 


cagtgcaggg 


cactgacata 


tgctgctacc ttttcaagct tatgaagatc 


accaagtgct 


660 


aatacttcta 


ctgtaatgaa 


actttggaat ttttttgatt acatttttgc 


tcatttaagg 


72 0 


tctctttcaa 


tgattccatt 


tcaatatgct cttcttttta aagtactact 


catttccact 


7B0 


tctctcctta 


aatataaata 


aagctttaat gctcatgaat caagCaagca 


gtgtttcttg 


840 


ttaaaacttt 


gtctcagttg 


gagggttggc tcagaagtta aaattgcaaa 


ctgtagggct 


900 
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cfgagagatgg ttcagcggtt aagagcactg accgctcttc cagaggtcct gagtttaatt 960 
cccagcaacc acatggtggc tcacaatcat ctgtaatggg atctgatgcc ctcttetggt 1020 
gtgtctgaag acagcaacag tgtac 1045 

<210> 32 

<211> 100 

<212> DHA 

<;213> Homo sapiens 

<400> 32 

aaaaatctcc aaatcagaat attaagcatg gctttataat aacaatgcaa aaaatgtgtt 60 
tataaaacca tttgtgtatg cagaagattg aaactgggac 100 

<210> 33 

<211> 115 

<212> PRT 

<213> Sub scrofa 

<400> 33 

Met Met Ser aia Lys Asp Thr Val Lys Val Met Val Val Met Leu Ala 
1 5 10 . 15 

He Cys Phe Leu Ala Arg Ser Asp Gly Lys Pro He Lys Dys Arg Ser 
20 25 30 

Val Ser Glu lie Qln Leu Met His Asn Leu Gly Lys His Leu Ser Ser 
35 40 45 

Leu Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gin Asp Val Hia Asn 
50 55 50 

Phe Val Ala Leu Gly Ala Ser He Val His Arg Asp Gly Gly Ser Gin 



Arg Pro Arg Lys Lys Glu Asp Asn Val Leu Val Glu Ser His Gin Lys 
B5 90 95 

Ser Leu Gly Glu Ala Asp Lys Ala Ala Val Asp Val Leu He Lys Ala 
100 105 110 



<210> 34 

<2H> 698 

<212> DNA 

<213> Sus scrofa 

<400> 34 

aattcatcag ccttctcggg tttactcaac tttgagaaag catcagctgc taacacacct 60 

gaaagaagat cgtgtcctaa gacgttgtgt gtgaagatga tgtctgcaaa agacacagtt 120 

aaagtaatgg ttgtcatgct tgcaatttgt tttcttgcaa gatcagatgg gaagcctatt 180 
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aagaagagat 


ctgtgagtga 


aatacagctt atgcataacc 


tgggcaaaca cctgagctct 


240 


ctggagagag 


tggaatggct 


gcgaaagaag ctgcaggatg 


tgcacaactt tgttgcccte 


300 


ggagcttcta 


tagfctcacag 


agatggtggt tcccagagac 


cccgaaaaaa ggaagacaat 


360 


gtcGtggttg 


agagccatca 


aaaaagtctc ggagaagcjag 


ataaagctgc tgtggatgta 


420 


ttaattaaag 


ctaaacccca 


gtgaaaacac atatgatcag 


agagcacJtgc tctagacagc 


480 


ataaggcaaa 


caatatttca 


tgctgctaat gttttcaatc 


tctattaaga ttaagtgcca 


540 


atatttctaa 


tattactaaa 


cttgatgggt aatcattgct 


agccatgatt gctgaaattt 


600 


taattgatca 


ttttgattct 


acttttactc atttaagagc 


ttcttttaac aattctattt 


660 


ctattgattc 


taaataaatg 


aagtatttct tccttgtt 




698 


<210> 35 
<211> 102 
<212> PRT 
<213> Bos 


taurus 









<40P> 35 

Met He Hie Tyr Asn Pro His Asn Asn Cys Ala Asn Val Met Ala Val 
1 5 10 ■ 15 

Arg Asn lie Leu lie Phe Asn Phe Thr Phe Lys Tyr Asn Lys Met Met 
20 25 30 

Trp Trp Trp Phe Ser Ala Lys Ser Cys Pro Thr Leu Val Thr Pro Trp 
35 40 45 

Thr Val Ala Ala Ser Ser Ser Val His Gly Phe Phe Arg Ala Arg lie 
50 55 60 

Leu Glu Trp Val Ala lie Ser Phe Ser Gly Glu Ser Ser Gin Ser Arg 
65 70 75 80 

Asn Gin Thr Gin Val Ser Cys He Ala Gly Glu He Leu Tyr Gin Leu 



<210> 3S 

<211> 641 

<212> DNA 

<213> Bos tai 



ctaaaattaa 


aaatataagg taaatgaatt 


60 


aaattatgta 


cagagagcca tattctcaaa 


120 


ctatatatat 


ttttttggaa caagatcagg 


180 


aaagtaagca 


taatgtaata tgattcatta 


240 
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taatcctcat 


aataattgtg 


ccaatgttat ggctgtaaga aatatactta 


ttttcaattt 


300 


cactttcaaa 


tacaataaga 


tgatgtggtg gtggtttagt gctaagtcgt 


gtccaactct 


360 


tgtgacccca 


tggactgtag 


ctgccagctc ctctgttcat ggattcttca 


gggcaagaat 


420 


actggagtgg 


gttgccattt 


cotfcctctgg ggagtcttcc caatccagga 


atcaaaccca 


480 


ggtctcctgc 


attgcaggcg 


agattettta ccaactgagc tatgagagaa 


gcctgtgata 


540 


agatgatgac 


ttagceataa 


atttttgaaa tctgaccttt ttaaaaaaat 


tttgttgctg 


600 


ttgctcagtt 


get aat teat 


gtccaaccgc tttacactgc a 






<210> 37 
<211> 296 
<212> DKA 
<213> Bos 


tauxTis 








<400> 37 
atactccctt 


ttcttetfcat 


tacctcaacc ccattcacat atcaggctta 


gatttcttag 


SO 


agaagtatca 


tgctggaatt 


tcttttttcc agaaggataa aggataaata 


attctagaac 


120 


ttgacagttg 


tcattaaagt 


aacaaccagg tgaattaaat aaccccttga 


tagctcagtt 


180 


ggtatagaat 


caccttcaat 


gcaggagacc ctggttaaat tcctgggttg 


ggacgatcca 


240 


ctggataagg 


gataggctac 


ccactccagt attcttggac tttccttgtg 


tctcag 


296 



<210> 38 

<211> lis 

<212> PRT 

<213> Homo sapiens 

<400> 3 8 

Met He Pro Ala liys Aap Met Ala Lys Val Met He Val Met Leu Ala 
15 10 15 

He Cys Phe Leu Thr Lys Ser Asp Gly Lys Ser Val Lys Lys Arg Ser 
20 25 30 

Val Ser Glu He Gin Leu Met His Asn Leu Gly Lys His Leu Asn Ser 
35 40 45 

Met Glu Arg Val Glu rrp Leu Arg Lys Lys Leu Qln Asp Val His Asn 
50 55 60 

Phe Val Ala Leu Gly Ala Pro Leu Ala Pro Arg Asp Ala Gly Ser Gin 
65 70 75 80 

Arg Pro Arg Lys Lys Qlu Asp Asn Val Leu Val Glu Ser His Glu Lys 
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<210> 39 

<211> 772 

<212> DNA 

<213> Homo sapiens 










<400> 39 
tgtctttagt 


ttactcagca 


tcagctacta acatacctga 


acgaagatct 


tgttctaaga 


60 


cattgtatgt 


gaagatgata 


cctgcaaaag acatggctaa 


agttatgatt 


gtcatgttgg 


120 


caatttgttt 


tcttacaaaa 


tcggatggga aatctgttaa 


gaagagatct 


gtgagtgaaa 


180 


tacagcttat 


gcataacctg ggaaaacatc tgaactcgat 


ggagagagta 


gaatggctgc 


240 


gtaagaagct 


gcaggatgtg 


cacaafctttg ttgcccttgg 


agctcctcta 


gctcccagag 


300 


atgctggttc 


ccagaggccc 


cgaaaaaagg aagacaatgt 


cttggttgag 


agccatgaaa 


360 


aaagtcttgg 


agaggcagac 


aaagctgatg tgaatgtatt 








gaaaatgaaa 


acagatattg 


tcagagttct gctctagaca 


gtgtagggca 


acaatacatg 


480 


ctgctaattc 


aaagctctat 


taagatttcc aagtgccaat 


atttctgata 


taacaaacta 


540 


catgtaatcc 


atcactagcc 


atgataactg caattttaat 


tgattattct 


gattccactt 


600 


ttattcattt 


gagttatttt 


aattatcttt tctattgttt 


attcttttta 


aagtatgtta 


660 


ttgcataatt 


tataaaagaa 


taaaattcga cttttaaacc 


tctcttctac 


cttaaaatgt 


720 


aaaacaaaaa 


tgtaatgatc 


ataagtctaa ataaatgaag 


tatttctcac 


tc 


772 



<210> 40 
<211> 115 
<212> PRT 

<213> Rattus norvegicus 
<400> 40 

Met Met ser Ala Ser Thr Met Ala Lys Val Met He Leu Met Leu Ala 
15 10 15 



Val Cys Leu Leu Thr Gin Ala Asp Gly Lys Pro Val Lys Lys Arg Ala 
20 25 30 

Val Ser Glu He Gin Leu Met His Asn Leu Gly Lys His Leu Ala Ser 
35 40 45 

Val Glu Arg Met Gin Trp Leu Arg Lys Lys Leu Gin Asp Val His Asn 
50 55 60 

Phe Val Ser Leu Gly Val Gin Met Ala Ala Arg Glu Gly Ser Tyr Gin 



Arg Pro Thr Lys Lys Glu Glu Asn Val Leu Val Asp Gly Asn Ser Lys 
85 90 95 
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Ser Leu Gly Glu Gly Asp Lys Ala Asp Val Asp Val Beu Val Lys Ala 
100 105 110 



<210> 41 
<211> 704 
<212> DITA 

<213> Rattus norvegicus 
<400> 41 

ctgcatatga aactcaggct tgaagaactg cagtccagtt catcagctgt ctggcttact so 

ccagcttaat acagggtcac tcctgaagga tcctctctga gagtcattgt atgtgaagat 120 

gatgtctgca agcaccatgg ctaaggtgat gatcctcatg ctggcagttt gtctccttac 180 

ccaggcagat gggaaacccg ttaagaagag agctgtcagt gaaatacagc ttatgcacaa 240 

octgggcaaa cacctggcct ctgtggagag gatgcaatgg ctgagaaaaa agctgcaaga 300 

tgtacacaat tttgttagtc ttggagtcca aatggatgcc agagaaggoa gttaccagag 360 

gcccaccaag aaggaggaaa atgtccttgt tgatggcaat tcaaaaagtc ttggcgaggg 420 

ggacaaagct gatgtggatg tattagttaa ggctaaatct cagtaaatgc tgacgtattc 480 

tagaccgtgc tgagcaataa catatgctgc tatcctttca agctccacga agatcaccaa 540 

gtgctaattc ttctactgta ataaaagttt gaaatttgat tccacttttg ctcatttaag 600 

gtctctteca atgattccat ttcaatatat tcttcttttt aaagtattac acatttccac 660 

ttctctcctt aaatataaat aaagtttaat gatcatgaac caaa 704 

<210> 42 

<211> 115 

<212> PRT 

<213> Rattus norvegicus 

<400> 42 

Met Met Ser Ala Ser Thr Met Ala Lys Val Met He Leu Met Leu Ala 
1 5 10 15 

Val Cys Leu Leu Hu: Gin Ala Asp Gly Lys Pro Val Lys Lys Arg Ala 
20 25 30 

Val Ser Glu He Gin Leu Met His Asn Leu Gly Lys His Leu Ala Ser 
35 40 4S 

Val Glu Arg Met Gin Trp Leu Arg Lys Lys Leu Gin Asp Val His Asn 



Phe Val Ser Leu Gly Val Gin Met Ala Ala Arg Glu Gly Ser Tyr Gin 
65 70 75 80 
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Arg Pro Thr Lys Lys Glu Glu Asn Val Leu Val Asp Gly Asn Ser Lys 
85 so 95 

Ser Leu Gly Glu Gly Asp Lys Ala Asp Val Asp Val Leu Val Lys Ala 
100 105 no 

Lys Ser Gin . 
115 

<:210> 43 

<211> 973 

<212> DNA 

<213> Rattus norvegicus 



gttctatact 


aaagtatctg 


tcctataaag atcccacaga cccatgaaaa 


gtggcatcag 


60 


ctaatgactg 


tttccttggg 


tggttatgaa taacagctac tgggactgtg 


tttacacact 


120 


ttagagcact 


gacagtgtct 


taaaatatct ctgtctctcc ttgtagtgaa 


gatgatgtct 


180 


gcaagcaaca 


tggctaaggt 


gatgatcctc atgctggcag tttgtctcct 


tacccaggca 


240 


gatgggaaac 


ccgttaagta 


agtgctgcag cccgtcgtce aagggaagtc 


ggacatgagg 


300 


ctctgtaggt 


tttaatgttg 


tgggcatggg gagotaatgg agtggtcctc 


tctttctgtt 


360 


ctctotagga 


agagagctgt 


cagtgaaata cagcttatgc acaacctggg 


caaacacctg 


420 


gcctctgtgg 


agaggatgca 


atggctgaga aaaaagctgc aagatgtaca 


caattttgtt 


480 


agtcttggag 


tccaaatggc 


tgccagagaa ggcagttacc agaggcccac 


caagaaggag 


540 


gaaaatgtcc 


ttgttgatgg 


caattcaaaa agtcttggcg agggggacaa 


agctgatgtg 


600 


gatgtattag 


ttaaggctaa 


atctcagtaa atgctgacgt attctagacc 


gtgctgagca 


660 


ataacatatg 


ctgetatcct 


ttcaagetcc acgaagatca ccagtgctaa 


ttcttfftact 


720 


gtaataaaag 


tttgaaattt 


gattccactt ttgctcttta aggtctcttc 


caafcgattcc 


780 


atttcaatat 


attcttottt 


ttaaagtatt acaaatttec acttctctcc 


ttaaatatas 


840 


ataaagttta 


atgatcatga 


accaaataag cagtgtttct tacttgttaa 


aacttttgtc 


900 


tcagtgttgg 


agggctggct 


cagaagttaa gagtgcatac tgcttcctca 


aatgacccga 


960 


gtttgcttct 


egg 






973 


<210> 44 
<211> 709 
<212> DNA 

<213> Rattus norvegicus 






<400> 44 

gaaagtgcag gcccagtggc 


aatgtcttta actttgcact catgaataga 


ggcaagfcgga 


60 


tcttgagttt 


tgggtcagcc 


tgatctacat attgagttct aggccagcca 


gagttcatag 


120 


tgagacgcta 


tctcaaactg ttttaaatat aaaatcagta tcatggatta 


cgtcagattt 


180 


ttctaagtgg ttacttaagc afcttgctgca acttcttttg cagattcttt 


gccagcacct 


240 


tgctcttttt gaatceatta tctaagtatc tgaaacttta gaggagtggg 


caccgcccga 


300 
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tgagggtagg 


tggctgttct 


gattcctatg attgagaacc agagaaccag gcatgacatc 


360 


atccttccca 


ataaaatact 


cctcttggtg agcaaaaggc otgcatatga aactcaggct 


420 


tgaagaactg 


cagtccagtt 


catcagctgt ctggcttact ccagcttaat acagggtcac 


480 


tcctgaagga 


tcctctctga 


gagtcattgt atggtaagga atctctcaat tgccctttta 


540 


aattcc3gtga 


gatttagaaa 


attgtgctag tttttaatac ataccatttt ctatcaatat 


600 


gtgccatttt 


ttaaaattgg 


aaggtagggg tgaatttgcc aaaatggaag gatatggcaa 


660 


taaaataatt 


tagggtagga 


aattcggact catctatgta tatggttaa 


709 



<210> 45 

<211> 523 

<212> DMA 

<213> Gallus gallus 



<220> 

<221> misc__feature 

<22a> (426).. (430) 

<223> n is a, c, g, or t 

<220> 

<22l> misc__f eature 

<222> (438) . . (443) 

<223> n is a, c, g, or t 

<220> 

<221> mi sc_f eature 

<222> (449) . . (451) 

<223> n is a, c, g, or t 

<220> 

<221> raisc_f eature 

<222> (492) . . (494) 

<223> n is a, c, g, or t 

<400> 45 



gctaacagag 


gaactgcgac gaacaacggt 


ttaagccccg gaggatatga 


tgttcacgaa 


60 


actctttcag 


eagtggagtt tcgcggtgtt 


tcttctgagt tattctgtgc 


cctcctacgg 


120 


aagatcagta 


gaggggatca gccgcagact 


caaacgggcc gtatcagagc 


accagctact 


ISO 


gcatgacaag 


ggcaaatcaa tccaagactt 


acgaagaagg atattccttc 


aaaatttaat 


240 


tgaaggtgtc 


aacactgcag aaatccgtgc 


aacttcagag gtctcaccta 


accctaagcc 


300 


tgctaccaac 


acaaagaact accctgtccg 


ttttggcagt gaagatgagg gcagatacct 


360 


aactcaggag 


acaaacaaat cacagaccta 


caaggaacag cccctgaagg 


tatcagggaa 


420 


gaaaannnnn. 


gcaaagcnnn nimaacgtnn 


ngaacaagag aagaaaaaga ggogagctcg 


480 


ctcagcttgg 


cnnnattctg gcatgcatat 


cataoagtta ctg 




523 


<210> 46 
<211> 175 
<2i2> PRT 
<213> Mus 


mus cuius 









<400> 46 
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Met Leu Arg Arg Leu Val Gin Gin Trp Ser Val Leu Val ph.e Leu Leu 
15 10 15 

£fer Tyr Ser Val Pro Ser Arg Gly Arg Ser Val Glu Gly Leu Gly Arg 
20 25 30 

Arg Leu Lys Arg Ala Val Ser Glu His Gin Leu Leu Hie Asp Lys Gly 
35 40 45 

Lys Ser He Gin Asp Leu Arg Arg Arg Phe Phe Leu His His Leu He 



Ala Glu He His Thr Ala Glu He Arg Ala Thr Ser Glu Val Ser Pro 
65 70 75 BO 

Asn Ser Lys Pro Ala Pro Asn Thr Lys Asn His Pro Val Arg Phe Gly 
85 90 95 

Ser Aap Asp Glu Gly Arg Tyr Leu Thr Gin Glu Thr Asn Lys Val Glu 
lOO 105 no 

Thr Tyr Lys Glu Gin Pro Leu Lys Thr Pro Gly Lys Lys Lys Lys Gly 
115 120 125 

Lys Pro Gly Lys Arg Arg Glu Gin Glu Lys Lys Lys Arg Arg Thr Arg 
130 135 140 

Ser Ala Trp Pro Ser Thr Ala Ala Ser Gly Leu Leu Glu Asp Pro Leu 
145 150 155 ISO 

Pro His Thr ser Arg Thr Ser Leu Glu Pro Ser Leu Arg Thr His 
165 170 175 

<210> 47 

<211> 1592 
<212> DNA 
<213> Mus musculus 

<400> 47 

cgccggcccg ctcacccctg cctgctccgc cggcgcgcgt tcctcgggcg ccacctcttt 60 

gcgactcgct cacttctcag caggttggcc ccggagcgtg tgaaccttcc agggctgggc 120 

tcacagctac tctccaacct gcgccgcccc agctgggccg ctccgccccg ctgccggaac 180 

ccgccctcgc gccacctggc ctcgcatcca cgacacgcgc gcctgcaact tgttcaaggg 240 

cgfctgtggaa tcaactttce ggaagcaacc agcccacaga aggagggtgc acccagaggc 300 

ccggtgcgca ggacagctga ctcctgagga acaccagcgt ttgaagaggg gtttgacctg 360 

Gcccacgacc cagagtgctg ccgccaagac taattagaca ttgctatggg agccacagca 420 

acgcgccacg catccccgac gcctatgtaa aacgcccggt tttcgctctt ctttcagagg 480 

aagctctctg attgcttttt cccctctcgg gtcccttttt gcctgtgcgg tttgagagag S40 



24/84 



gcgcagtitacf 




tcctacacaa 


gtccGcagag ccagcgagcg gcacgatgct 


600 


y y =*y y ^ i^y 


gttcagcagt 


ggagtgtcct 


ggtattcctg 


ctcagctact 


ccgtgccctc 


S60 


ccgccjggcgt 


tcgghggagg 


ggcttggccg 


caggctcaaa 


cgcgctgtgt 


ctgaacatca 


720 


gc tactic at 






agacttgcgc 


cgccgtttct 


tcctccacca 


780 


tctgaticcfcg 


gagatccaca 


cagccgaaat 


cagagctacc 


tcggaggtgt 


cccccaactc 


840 




ccGaa caeca 


aaaaccaccc 


cgtgcggttt gggtcagacg 


atgagggcag 


900 


atacctaact 


caggaaacca 


acaaggtgga 


gacgtacaaa 


gaacagccac 


tcaagacacc 


960 


cgggaagaag 


aagaaaggca 


agcctgggaa 


acgcagagaa 


caggagaaaa 


agaagcgaag 


1020 


gactcggtct 


gcctggccaa 


gcacagctgc 


gagtggcctg 


cttgaggacc 


ccctgcccca 


1080 








aaggacgcat 


tgaaattttc 


atcgaagatc 




ttccaaggac 


acgttacagg 


attttgtaat 


agtaaacata 


tggaaagtat 


tagacatatt 






acatactgta 


aafcgcattigg 


gatcaaactg tctccccagg aaactgcaca 


1260 




gaatattttt 


cccttttgcc 


aaggctaatc 


caattattcc 


tgtcactgtt 


1320 


accataattt 


attttgtcaa 


ctgatgtatt 


tatttgtaaa 


tgtatcttgg 


tgctgctgac 


1380 


tctgtttttt 


tgtaacataa 


tgcactttag 


gtatacatat 


cgagtatgtg gatgaattta 


1440 


acacataaaa 


ggatctctat 


tttgtggttc 


attttaatga gttctgaaat 


ataattatct 


1500 


agactgattt 


cctfcctgtgc 




ggcagtattt 


taaatttgtt 


aaataatgtc 




taataaaata 


taatctaatt 


ataccatgac 


tc 






1592 


<210> 48 

<2ai> 242 

<212> DNA 

<213> Felis catus 












<400> 48 
aatctttagc 


aaagacattc 


agaggacgta 


ttacaggatt 


Gtgtaatagt 


gaacatatgg 


60 


aaagtattag 


aaatatttat 


tgtatgtaaa 


tantgtaaat gcattggaafc 


aaaactgtct 


120 


tcccattgct 


ctatgaaact 


gcacattggt 


cattgtgaat 


atttttttgc 


caaggctaat 


180 


ccaattatta 


ttatcacatt 




tattttgtca 


actgatgtat 


ttattttgta 




aa 












242 


<210> 49 

<211> 351 

<212> DNA. 

<213> Felis catus 












<400> 49 
atggcttctg 


tgccccattg 


CGtttgctcg 


gtgctctccg ctggggtgtg 


taacgtccct 


60 


tccactgtgg 


cttggacaaa 


cctagaatgt 


cctccctttc 


tgtccttcta 


tcaattgctc 


120 


cacaafcfctca 


aagcttaatg 


aaagcaagat 


ggctcagaat 


attgtctgct 


ttcatacagt 


180 


gtcctcctat gccctctata 


cacaccagca 


ttgaataacc 


cgtttctctt 


cctccaccat 


240 
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cacaccGcaa cgccaatcct ttactcctcc actaaagaat ttcttttttt cgtcaggctt 3 00 
cagaagctag ggaccacctt catcatttgc tggaggagtg tatttattcc c 351 

<210> 50 

<211> 94 

<212> PET 

<213> Felis catus 

<400> 50 

Leu Leu Ser Tyx Ser Val Pro Ser Cys Gly Arg Ser Val Glu aiu I.eu 



Gly Arg Arg Leu Lys Arg Ala Vai Ser Glu His Gin Leu Leu His Asp 
20 25 30 



Lys 



Gly Lys Ser lie Gin Asp Leu Arg Arg Arg Phe Phe Leu His His 



Leu He Ala Glu He Hia Hhr Ala Glu He Arg Ala Thr Ser Glu Val 
50 55 60 

Ser Pro Asn Ser Lys Pro Ala Pro Asn Thr Lys Asn His Pro Val Arg 
S5 70 75 80 

Ph.e Gly Ser Asp Asp Glu Gly Arg Tyr Leu Thr Gin Glu Thr 



<210> 51 

<211> 282 

<212> DNA 

<213> Palis catus 

<400> 51 

Gtgctgagct actcggtgcc ctcctgcggg cgctcggtgg aggaactcgg ccgccggctc 60 

aaaagagctg tgtctgaaca tcagctcatt catgacaagg ggaaatetat ccaagactta 120 

cgacgacgat tcttccttca ccacctgatt gcagaaatcc acacagctga aatcagagct 180 

acctcggagg tttcccccaa ctccaagcct gctcccaaca caaagaacca cccagtccga 240 

tttgggtctg acgatgaagg cagataccta actcaggaaa cc 282 

<210> 52 
<211> 202 
<212> PRT 

<213> Oryctolagus cuniculus 
<400> 52 

Met Gin Arg Arg Leu Val Gin Gin Srp Ser Val Ala Val Phe Leu Leu 



Ser Tyr Ala Val Pro Ser Cys Gly Arg Ser Val Glu Gly Leu Ser Arg 
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Arg Leu Lys Arg Ala Val Ser Glu His <31n Leu Leu His Asp Lys Qly 
35 40 45 

Lys Ser lie Gin. Asp Leu Arg Arg Arg Phe Phe Leu His His Leu lie 
50 55 60 

Ala Glu He His Thr Ala Glu He Arg Ala Thr Ser Glu Val Ser Pro 
65 70 75 30 

Asn Ser Lys Pro Ser Pro Asn Thr Lys Asn His Pro Val Arg Phe Gly 



Ser Asp Asp Glu GLy Arg Tyr Leu Thr Gin Glu Thr Asn Lys Val Glu 
100 105 110 

Thr Tyr Lys Glu Gin Pro Leu Lys Thr Pro Gly Lys Lys Lys Lys Gly 
115 120 125 

Lys Pro Gly Lys Arg Lys Glu Gin Glu Lys Lys Lys Arg Arg Thr Arg 
130 135 140 

Ser Ala Trp Leu Asp Ser Gly Val Thr Gly Ser Gly Leu Glu Gly Asp 
145 150 155 160 

His Leu Ser Asp Thr Phe Thr Thr Ser Leu Gly Ala Arg Phe Thr Tyr 
165 170 175 

Ser Thr Ser Val Gly Phe Glu Lys Lys Lys Gly Lys Gin Gin Lys Asn. 
180 185 190 



<210> 53 
<211> 650 
<212> DNA 

<213> Oryctolagus cuniculus 
<400> 53 

cttaagctta tgcagcggag actggttcag cagtggagcg tcgcggtgtt cctgctgagc 60 
tacgcggtgc cctcctgcgg gcgctcggtg gagggtctca gccgccgcct caaaagagct 120 

180 
240 
300 



gtgtctgaac atcagctcct ccatgaeaag gggaagtcca tccaagattt acggcgacga 
ttcttccttc accatctgat cgcagaaatc cacacagctg aaatcagagc tacctcggag 
gtgtccGcta actccaagcc ctctcccaac acaaagaacc accccgtccg atttgggtct 
gatgatgagg gcagatacct aactcaggaa actaacaagg tggagacgta caaagagcag 360 
ccgctcaaga cacctgggaa gaaaaagaaa ggcaagcccg ggaaacgcaa ggagcaggaa 420 
aagaaaaaac ggcgaactcg ctctgcctgg ttagaatctg gagtgactgg gagtgggcta 480 
gaaggggacc acctgtctga caccttcaca acgtcgcttg gagctcgatt cacgtacagc 540 
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acttctgtgg ggtttgaaaa aaaaaaagga aaacaacaga agaacacatc atatgcaact 600 
aatgatctca ttatttaaga gtttjcctgtt acttctttag tctagaccca 650 

<210> 54 

<211> 175 

<212> PRT 

<213> Mus mus cuius 

<400> 54 

Met Leu Arg Arg Leu Val Gin Gin Trp Ser Val Leu Val Phe Leu Leu 
15 10 15 

Ser Tyr Ser Val Pro Ser Arg Gly Arg Ser Val Qlu Gly Leu Gly Arg 
20 25 30 

Arg Leu Lya Arg Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly 
35 40 45 

Lys Ser lie Gin Asp Leu Arg Arg Arg Phe Phe Leu His His Leu lie 
50 55 60 

Ala Qlu He His Thr Ala Glu He Arg Ala Thr Ser Qlu Val Ser Pro 



Asn Ser Lys Pro Ala Pro Asn Thr Lys Asn His Pro Val Arg Phe Gly 
85 90 95 

Ser Asp Asp Glu Gly Arg Tyr Leu Thr Gin Glu Thr Asn Lys Val Glu 
100 105 110 



Lya Pro Gly Lys Arg Arg Glu Gin Glu Lys Lys Lys Arg Arg Thr Arg 
130 135 140 

Ser Ala Trp Pro Ser Thr Ala Ala Ser Gly Leu Leu Glu Asp Pro Leu 
145 150 155 160 

Pro His Thr Ser Arg Pro Ser Leu Glu Pro Ser, Leu Arg Thr His 
165 170 175 



<210> 55 

<211> 572 

<212> Dm 

<213> Mus musGulus 



ttcctgctca gctactccgt gocctcccgc gggcgttcgg tggaggggct tggccgcagg 120 
ctcaaacgcg ctgtgtctga acatcagcta ctgcatgaca agggcaagtc catccaagac 180 
ttgcgccgqc gtttcttcct ccaccatctg atcgcggaga tccacacagc cgaaatcaga 240 
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gctacctcgg 


aggtgtcccc 


caactccaaa cctgctccca acaccaaaaa ccaccccgtg 


300 


cggtttgggt 


cagacgatga 


gggcagatac ctaactoagg aaaccaacaa ggtggagacg 


360 


tacaaagaac 


agccactcaa 


gacacccggg aagaagaaga aaggcaagcc tgggaaacgc 


420 


agagaacagg 


agaaaaagaa 


gcgaaggact cggtctgcct ggccaagcac agctgcgagt 


480 


ggcctgcttg 


aggacccGct 


gccccacacc tccaggcect cgctggagcc cagcttaagg 


540 


acgcattgaa 


attttcatcg 


aagatcttcc aa 


572 



<210> 55 
<211> 162 
<212> PRT 

<213> Sparus aurata 
<400> 56 

Met Cys Ser lie Vai lie Leu His His Trp Ser Leu Ala Val Phe Leu 
15 10 15 

Leu Cys Ser Pro Val Hir Leu. Aap Qly Lys Pro Val Asp Ala Leu Gly 
20 25 30 

Ser Arg Thr Arg Arg Ser Val Ser His Ala Gin Leu Met His' Asp Lys 
35 40 45 

Gly Arg Ser Leu Gin Glu Phe Lys Arg Arg Met Trp Leu His Glu Leu 
50 55 eo 

Leu Glu Glu Val His Thr Ala Asp Asp Arg Pro Val Gin Ser Arg Thr 
65 70 75 80 

Gin Ser Gin Thr Phe Ser Gly Asn Ala Leu His Glu Lys Pro Pro Gly 



Ala Thr Lys Asn He Pro Asp Arg Phe Arg Leu Asp Arg Glu Gly Pro 
100 X05 110 

Asn Leu Pro Gin Glu Thr Asn Lys Ala Leu Ala Tyr Lys Asp Gin Pro 
115 120 125 

Leu Lys Val Ala Thr Lys Arg Lys Lys Lys Val Arg Leu Gly Arg Arg 
130 135 140 

Arg Glu Ser Asp Lys Lys Arg Arg Arg Ala Arg Ser Val Thr Thr Lys 
"5 150 155 160 
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<213> Sparus aurata 

<400> 57 



gcttctagtg 






agctcfcgctc 


tccagctctc gccaccagag 


60 


aagatgcttc 


It!gtt!!tl 






a_gcggagtgg cagatctgca 


120 


agcggatggg 






ttfcatctctc 


ttttaattgg gacgctgggg 


180 








g^^ggcaaatg 


aatggaacag actgacgggg 


240 






acac caatgg 


acctggaaac 


aagttfctgag ctggccaaag 


300 


tttatttggc 


agaataatgt 




tttgtaaatt 


tgtttttgca acaagal^cat^ 


3 60 


cttttaagag 


cttgcagact 


gatattttct 




cagtaaacat acataccata 


420 










ttggagwCtg gcggtgtfcct 


480 


tgctgtgcti 


II!!gtgl!t 






tgcacttggt agcagaacga 


540 




gagccacgcc 






tcgctcctta caagagttca 


600 


agcgtcgtat 


gtggctgcac 






cacagccgat gatcgacctg 


660 


tgcagagcag 






gtggcaatgc 








gllcll!!!t 






agaaggtcct aacctgcccc 


780 




caaggctctg 


gcttataagg 










9^99^ 3.99*-' 


cgacgtagag 




















tttaaatggt 


IIIg!gIIgI 






cagactggga tctgacagac 


1020 






titigctiticaca 


^cacgggccc 


aggattgtgc ttgtataata 


1080 


tttcgctgfct 


tgtattttca 






ttgtgaatta t^catcataac 


1140 




gttcatattt 




tctgaagacc 


tctgtaatce tgatttacat 


1200 






tcatctictaa 


ccaac cgfcgt 


gatcaagtag atcataggag 


1260 








tgtcaacttc 


atgaacttgg gaggcttagt 


1320 


ggtctacttt 


tgttggctcc 


atttgtgtta 


actafccfctgg 


acttacagtt acatacaaac 


1380 


tgttcaatga 


atacatctgfc 


tgcatctttt 


tcataattta 


ttfccactttg aaagtgtgtia 




tttattttgt 


gaatgtatct 


tggtgetgct 


gactaaattc 


cgtaatgcac tttagttata 


1500 


tcctgtacat 


gttcttttgt 


ggttgagttt 


tgatttgatg 


tttctttttg atggtcctgc 


1560 


tttcctttcc 


caccctagat 


tcctaatgga 


cttgtaactt 


attggatgct tcatcaaacc 


1620 


cactctcacG 


gttttacatt 


atagtttatt 


tttatagaac 


aagaccgaga caggggctct 


1680 


cagactcata 


.taatgttctt 


cacttgcact 


gagcgcatac 


tgttcatgtt tccagttaat 


1740 


caaccattaa 


aagtgtagtc 


attagaaaca 




aaaaaaa 


1787 



<210> 58 
<211> 177 
<212> PRT 
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<213> oryctolaguB cuniculus 
<400> 58 

Met Leu Arg Arg Leu Val Gin Gin Trp Ser Val Ala Val Phe Leu Leu 
15 10 15 

Ser Tyr Ser Val Pro Ser Cys Gly Arg Ser Val Glu Gly Pro Qly Arg 
20 25 30 

Arg Leu Lys Arg Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly 
35 40 45 

Lys Ser lie Gin Asp Leu Arg Arg Arg Phe Phe Leu His His Leu lie 
50 55 60 

Ala Glu He His Thr Ala Glu lie Arg Ala Thr Ser Glu Val Ser Pro 
65 70 75 80 

Asn Ser Lys Pro Ala Ala Asn Thr Lys Asn His Ala Val Arg Phe Gly 



Ser Aap Asp Glu Gly Arg Tyr Leu Thr Gin Glu Thr Asn Lya Val Glu 
100 105 110 

Pro Tyr Lys Glu Gin Pro Leu Lys Thr Pro Gly Lys Lys Lys Lys Gly 
115 120 125 

Lys Pro Gly Lys Arg Lys Glu Gin Glu Lys Lys Lys Arg Arg Thr Arg 
130 135 140 



Ser Ala Trp Pro Leu Ser Ala Gly Ala Gly Ser Gly Leu Ala Gly Asp 

145 150 155 160 

His Leu Ser Asp lie Ser Glu Pro Glu Pro Glu Leu Asp Ser Arg Arg 
165 170 175 



<210> '59 
<211> 534 
<212> DNA 

<213> Oryctolagus cuniculus 
<400> 59 

atgctgcgga ggctggttca gcagtggagc gtggccgtgt tcctgctgag ctactccgtg 60 
ccctcctgcg ggcgctcggt ggaggggcca ggccgccgcc tcaagagagc cgtgtccgaa 120 
caccaactcc tccatgacaa gggcaagtcc atccaagacc tccggcgccg cttcttcctg 180 
caccacctga tagccgaaat ccacaccgcc gagatcagag ctacctccga ggtctccccc 240 
aactccaagc ccgccgccaa caccaagaac cacgcggtgc gcttcgggtc ggacgatgag 30P 
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ggcaggtacc tcactcagga aaccaacaag gtggagccct acaaggagca gcccctcaag 360 

acgcctggca agaaaaagaa aggcaagccc gggaagcgoa aggagcagga gaagaagaag 420 

cggcgaactc gctccgcctg gccgctgtca gcgggcgcgg gcagtgggct cgcgggcgac 480 

cacctgtctg acatctccga gccggagccc gagctcgatt cacggaggca ttga 534 

<210> 60 
<:211> 163 
<212> PRT 

<213> Takifugu rubripee 
<400> €0 

Met Cys Ser Val Val Met Leu His Gin Trp Ser Leu Ala Val Phe Leu 
15 10 IB 

Leu Cys Ser Pro Val Tlir Leu Asp Gly Lys Pro Val Asp Ala Val Ser 
20 25 30 

Ser Arg Met Arg Arg Ser Val Ser His Ala 61n Leu Met His Asp Lys 
35 40 45 

Gly Arg Ser Leu Gin Glu Phe Arg Arg Arg Met Trp Leu His Lys Leu 
50 55 60 

Leu Glu Glu Val His Thr Ala Asn Glu Glu Ala Pro Pro Val Gin Ser 
65 70 75 go 

Arg Thr Gin Tfar Gin Thr Phe Ser Gly Asn Ser Lou His Glu Lys Pro 
85 90 95 

Pro Gly Ala Thr Lys Asn Leu Pro Asp Arg Phe Ser Leu Asp Arg Glu 



Gly Thr Asn Leu Pro Gin Glu Thr Asn Lys Ala Leu Ala Tyr Lys Asp 
115 120 125 



Gin Pro Leu Lys Leu Ala- Thr Lys Arg Lys Lys Lys Ala Arg Leu Gly 
130 135 140 



Arg His Arg Glu Ala Asp Lys Lys Arg Arg Arg Ala Arg Ser Val Ala 
150 155 160 



<210> 61 
<:211> 2272 
<212> DUa 

<213> Takifugu rubripes 
<400> 61 

ccctcactgt gctccagtga aaacaccctc tcagctctga tctcccgccc ggggccacca 60 
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gagaagatgc ttcgccgttg ctctctgtga aatcacagcg agcagggctg ctgccaatgg 120 

gctgctgctg ctccttcctc ggtcgtctct ttttaacctg gactctcggg agaaataaat 180 

agcgcctcgc ttgctgttgg gaggcaaatt aacggaacag agetacaggg gatttcccca 240 

ggctgxjctgc acgccaatgg acctggaccc gggttttgaa ggggacaatt tgtttttggc 300 

aaaataatat tttttccccc ccgtttcgcc tcgaeacgta tcaaatgtge aacgagatca 360 

tctcgattta agggettggg aagcagctct gaggaatttt cccgtacaaa ctcgcaccac 420 

gtaagtctga tttacttttg tactttaata aactgotccc tggtgtcatt aatgcagcct 480 

gggaggtccc acatatgcag ggaacgtctc atttccccag ctgcaaacac attaataagc 540 

octaactatt cattcttaag ctccgttcga cagaatgaag tgacttctgt ctcettttat SCO 

ccagaccgtg ggctgaagga tgtgctccgt agtcatgctt catcagtgga gcctggctgt S60 

cttcttgctc tgctcaccag tgactcttga tgggaaacca gtggacgcag tcagcagcag 720 

aatgtgagtt tgctaattac gttaattccc agtaatgcaa cgtggaactt caatgtgagc 780 

atttgtaaca ttttcccgcc gtfcttggact cggagagctc ggtttacctg tgatgactca 840 

gttcaggtac aagcagcctt cacagottag gcgctggcat tttcgtgttc agaaacatgt 900 

ttatgctgoc acctactgca ctgaagtctc ctggtgtgtg gccctcaaat taatctgaca 960 

tcatttataa aactgttcca cttataaagt caacactgta gagtactgtg aaggagaaac 1020 

ccgtgggtgc caataaagtc tggcttcaga cgggttccag aggaacacga caggatgcga 1080 

ctgatttatg acaggttctg ggaaatgcct gcgtctgctg tcacgttttt ctggattatg 1140 

tctcacagat ctctctgtct ttcgaccttg tgctttaagg cggaggtcgg tgagccacgc 1200 

ccagctgatg cacgacaagg gccgctccct gcaggagttc aggcgtcgca tgtggctcca 1260 

caagctgctg gaagaggtcc acacggccaa cgaagaagcc ccacctgtgc agagcaggac 1320 

ccagacccaa accttcagcg ggaactccct gcacgagaag cccccggggg ccaccaagaa 1380 

cctccctgac aggttcagtt tggaccgaga gggcacgaac ctgccccagg agacgaacaa 1440 

ggctttggct tacaaagacc agccgcttaa actggccacc aagaggaaaa agaaggcgag 1500 

gttaggtcgg cacagagagg ctgacaagaa gcggaggcgg gcgcgctcgg tagcaaagga 1560 

gccttgaagg atgcgctgtt gccctggcaa agagactctc agtaaccttc ctatggtact 1620 

gcactaagao actgacacag gcccagccag actgggatct gagactctgc ccgacttcat 1680 

attacgatgc caaaatcott ttgtatgata aaatgttgct atgcgtctat tttttatact 1740 

tcctggattt ccaggaacac gccatcttct tcttaggttc atatttattt ggcttcttta 1800 

accccgattc acacccaaac aaacaccatc tctacacagc cgccaagagg aactatttat XSSO 

tctctgacat caaaattggg acgtcgactg gactcgcata cggttcactg aacacatccg 1920 

tcggcgctgt tccgccaata atttatttca ctttgaacgt gtgtatttat tttgtgaatg 1980 

tatoacagtg ctgctgacaa aattccattg tgcactttag gtatatccag aacatgttct 2040 

tatgtggtgg agttttagat ttcttttcga tgttctctct tctcaccaaa agcaaatgta 2100 
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acttatgggt cgcttccaca gacccactct cgccgtttga catgatagtt tatttttgca 2160 
ggacacgcea aagcagcggc tctcagcctc atttaaagtt cttcatttgc actgagggca 2220 
tactgtacat gtttccagtt aatccaacat taaaaatgta gccaatagaa ac 2272 



<210> 52 
<211> 249 
<212> DNA 

<213> Artificial Seijuence 

<220> 

<223> Synthetic 
<400> 62 

aattcatcga tatgcggtac ctgacccagg 
agccgctgaa aaccccgggt aaaaaaaaga 
aaaaaaagaa acgtcgtacg cgttctgctt 
tggaaggtga ccacctgtct gacacctcta 
actaataag 



<210> 63 
<211> 207 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Synthetic 
<400> 63 

aattcatcga tatgctgctg cacgacaaag 
tcttcctgca ccacctgatc gctgaaatcc 
tttctocgaa ctctaaaccg tctccgaaca 
acgacgaagg tcggtacctg taataag 



<210> 64 
<211> 177 
<212> PRT 

<213> Cania fainiliaris 
<400> 64 

Met Leu Arg Arg Leu Val Gin Gin Trp Gly Val Ala Val Phe Leu Leu 
15 10 15 



Ser Tyr Ser Val Pro Ser Cys Gly Arg Ser Val Glu Glu Leu Gly Arg 
20 25 30 



Arg Leu Lys Arg Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly 
35 40 45 



Lys Ser He Gin Asp Leu Arg Arg Arg Phe Phe Leu His His Leu lie 
50 55 60 



aaaccaacaa 


agttgaaacc 


tacaaagaac 


60 


aaggtaaacc 


gggtaaacgt 


aaagaacagg 


120 


ggctggactc 


tggtgttacG 


ggatccggtc 


180 


ccacaagcct 


ggaactggac 


tctcgtcgtc 


240 



249 



gtaaatctat ccaagatctg cgtcgccgtt 60 
acactgcaga aatccgtgct acctctgaag 120 
ccaaaaacca cccggttcgt ttcggttctg 180 
207 
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Ala Glu He His Thr Ala Glu He Arg Ala Thr Ser Glu Val Ser Pro 
65 70 75 8 0 

Asn Ser Lys Pro Ala Pro Asn Thr Lys Asn His Pro Val Arg Phe Gly 
85 90 95 

Ser Asp Asp Glu Gly Arg Tyr Leu Thr Gin Glu Thr Asn Lys Val Glu 
100 105 110 

Thr Tyr Lys Glu Gin Pro Leu Lys Thr Pro Gly Lys Lys Lys Lys Gly 
115 120 125 

Lys Pro Gly Lys Arg Lys Glu Gin Glu Lys Lys Lys Arg Arg Thr Arg 
130 135 140 

Ser Ala Trp Leu Asn ser Gly Val Ala Glu Ser Gly Leu Glu Gly Asp 



His Pro Tyr Asp He Ser Ala Thr Ser Leu Glu Leu Asn Leu Arg Arg 
165 170 175 

His 

<210> 65 
<211> 1166 
<212> DNA 

<213> Canis familiaris 
<400> 65 

cggcacgagg aagtttttca ttcatttaag acttcatttt actcttttga agcaaaaaaa 60 
aaaaaattaa tttctggaag agactgctga gaagatcccc ttcgtttggc cagaagagaa 120 
gagaggactg taaatcaagg aaaaggtcco gcjgagcgaca ggggacgatg ctgcggaggc 180 
tggttcagca gtggggcgtc gcggtgttcc tgctgagcta ctcggtgccc tcctgcgggc 240 
gctcggtgga ggagctcggc cgccggctca aaagagctgt gtctgaacat cagctccttc 300 
atgacaaggg gaaatctatc caagacttac ggcgacgatt cttccttcat cacctgattg 360 
cagaaatcca cacagcagaa atcagagcta cetcggaggt ttcccccaac tccaagcctg 420 
ctcccaacac aaagaaccac cccgtccgat ttgggtctga tgatgagggc agatacctaa 480 
ctcaggaaac caacaaggtg gagacataca aggagcagcc actgaagaca cctggcaaga 540 
aaaagaaagg caaacccgga aaacgcaagg agcaggaaaa aaagaaacgt cgaactcggt 600 
ctgcctggct aaactctggc gtggctgaaa gtgggctaga aggcgaccac ccatatgaca 660 
totoagcgac atcgctggag ctcaatttac ggaggcattg aaatttttag caaagacctt 720 
caaaggacgfc attacaggat tctgtaatag tgaacatatg gaaagtatta gaaatattta 780 
ttgtctgtaa atactgtaaa tgcattggaa taaaactgtc ttccccattg ctctatgaaa 840 
ctgcacattg gtcattgtga atattttttt ttgccaaggc taatccaatt attattatca 900 
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catttaccat aatttatttt gtcaactgat gtatttattt tgtaaatgta tcttggtgct 960 

gctgaatttc tctatttttt gtaacataat gcactttagg tatacatatc aagtatgttg 1020 

ataaatgaca caataaagtg tctttatttt gtggttgatt ttaataatgc ctaaatataa 1080 

ttatccaaac tgattttcct ctgtgcatgt aaaaatagca gtattttaaa tttgtaaaga 1140 

atgtctaata aaatataatc taaatt 11S6 

<210> 66 

<211> 175 

<212> PRT 

<213> mxB musculus 

<400> 66 

Met Leu Arg Arg Leu Val Gin Gin Trp Ser Val Leu Val Phe Leu Leu 
1 5 10 15 

Ser Tyr Ser Val Pro Ser Arg Gly Arg Ser Val Glu Gly Leu Gly Arg 
20 25 30 

Arg Leu Lys Arg Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly 
35 40 45 

Lys Ser He Gin Asp Leu Arg Arg Arg Phe Phe Leu His His Leu He 
50 55 60 

Ala Glu He His THr Ala Glu He Arg Ala Thr Ser Glu Val Ser Pro 



Asn Ser Lys Pro Ala Pro Asn Thr Lys Asn His Pro Val Arg Phe Qly 
85 90 95 



Thr Tyr Lys Glu Gin Pro Leu Lys Thr Pro Gly Lys Lys Lys Lys Gly 
115 120 125 



Ser Ala Trp Pro Ser Thr Ala Ala Ser Gly Leu Leu Glu Asp Pro Leu 
145 150 155 160 

Pro His Thr Ser Arg Thr Ser Leu Glu Pro Ser Leu Arg Thr His 
165 170 175 

<210> 67 

<211> 971 

<212> DITA 

<213> MUB musculus 

<400> 67 
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9gatcctgcG 


tgcctctttc 


acatctttat tgagtgttgt ccggtctgca agagagatta 


60 


atctctttct 


tccccttcct 


tgtcttcaca ggacgcattg aaattttcat cgaagatctt 


120 


GcaaggacaG 


gttacaggat 


tttgtaatag taaacafcatg gaaagtatta gacatattta 


180 


ttgcctgtac 


atactgtaaa 


tgcattggga tcaaactgtc tccccaggaa actgcacatg 


240 


ggfccatgtga 


atatttttcc 


cttttgccaa ggctaatcca attafctcctg tcactgttac 


300 


cataatttat 


tttgtcaact 


gatgtattta tttgtaaatg tatcttggtg ctgctgactc 


360 


tgtttttttg 


taacataatg 


cactttaggt atacatatcg agtatgfcgga tgaatttaac 


420 


acjataaaagg 


atctctattt 


tgtggttcat tttaatgagt tctgaaatat aattatctag 


480 


actgatttcc 


ttctgtgcat 


gtaaaaatgg cagtatttta aatttgttaa ataatgtcta 


540 


atiaaaatsab a 


atctaattat 


accatgactc acaatgtgaa ttttattctt taaagtttct 


600 


aatcagagaa 


acacaacaca 


atttttttta attctacttg aatataatcc taaacttaat 


660 


atgtttatat 


gggccatcta 


ttccaatgtg tccacattag cttttagtta aaaaccactt 


720 


aaaatgtatt 


ctgtccaata 


tttcagttca agtcaataaa atggctgaac agcctgaact 


780 


tcaagttgaa 


ataatggcaa 


caaagggcaa aaataaataa gtagagaagt cagaagaaaa 


840 


ggtcaaagag 


gttatccaga 


gttaaaacca gagggagagg tggacccaag actttgactc 


900 


tgaataaatt 


ttgccaatat 


aaagtttagt ttgcaagggc ttgtctcatt cataacaata 


960 


atgaaagatc 


t 




971 



<210> 68 

<211> 175 

<212> PRT 

<213> Mus musculus 

<400> 68 

Met Leu Arg Arg Leu val Qln Gin Trp ser Val Leu Val Phe Leu Leu 
15 10 15 

Ser Tyr Ser Val Pro Ser Arg Gly Arg Ser Val Glu Gly Leu Gly Arg 
20 25 30 



Arg Leu Lys Arg Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly 
35 40 4S 



Lys Ser He Gin Asp Leu Arg Arg Arg Phe Phe Leu His His Leu He 
50 55 SO 



Ala Glu He His Thr Ala Glu He Arg Ala Thr Ser Glu Val ser Pro 
S5 70 75 80 



Asn Ser Lys Pro Ala Pro Asn Thr Lys Asn His Pro Val Arg Phe Gly 
85 90 95 



Ser Asp Asp Glu Gly Arg Tyr Leu Thr Gin Glu Thr Asn Lys Val Glu 
100 105 110 
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Thr Tyr Lys Glu Gin Pro Leu Lys Thr Pro Gly Lys Lys Lys Lys Gly 
115 120 125 

Lys Pro Gly Lys Arg Arg Glu Gin Glu Lys Lys Lys Arg Arg Thr Arg 
130 135 140 

Ser Ala Trp Pro Ser Thr Ala Ala Ser Gly Leu Leu Glu Asp Pro Leu 
145 150 155 160 

Pro His Thr Ser Arg Thr Ser Leu Glu Pro Ser Leu Arg Thr His 



165 




170 


X75 




<210> 69 

<2H> ^35 

<212> DNA 

<213> Mus musculus 










<400> 69 

Gctaggtctc ccattcctat 


ctccccfcccc 


tactctaaaa gcaagctact 


tgccagttat 


60 


tccttcaagg aagccacjggg 


aaggacctct 


gctgacaact tgtcttctec 


cctaacagca 


120 


aacgcgctgt gtctgaacat 


cagctactge 


atgacaaggg caagtccatc 


caagacttgc 


180 


gccgccgttt cttcotccac 


catctgatcg 


cggagatcca cacagccgaa 


atcagagcta 


240 


cctcggaggt gtcccccaac 


tceaaacctg 


ctcccaacac caaaaaccac 


Gccgtgcggt 


300 


ttgggtcaga cgatgagggc 


agatacctaa 


ctcaggaaac caacaaggtg 


gagacgtaca 


360 


aagaacagcc actcaagaca 


eccgggaaga 


agaagaaagg caagcctggg 


aaacgcagag 


420 


aacaggagaa aaagaagcga 


aggactcggt 


ctgcctggcG aagcacagct 


gcgagtggcc 


480 


tgcttgagga ccccctgccc 


cacacctcca 


ggacctcgct ggagcccagc 


ttaaggtact 


540 


gttcactgtg ttcagcaggg 


Gtcccctgcc 


tgcctctatc ttggtttcag 


agaccccgat 


6O0 


tttctgtatc ttgatctgtg 


atttaaaacc 


agtataggcc acaccagtcc 


tagtccttat 


660 


taccctgcta gacaatttaa 


tttccctaca 


tctctctccG caccaaccta 


cctacctacc 


720 


tacctacctt cctttcttcc 


tccctccctc 


cctccctccc tccctccctc 


ctttccttcc 


780 


ttccttccct cccccttect 


tcttcacttc 


ctccecatcc tctctcctct 


cttcctccct 


840 


cctcccttoa ctccctcctc 


cctccctcct 


cctccccttc ctatcttact 


GGGacacaca 


900 


cagggtcttc ctcacageca 


agactgactg 


agctc 




935 



<210> 70 

<211i. 175 

<212> PRT 

<213> Mua muaculus 

<400> 70 

Met Leu Arg Arg Leu Val Gin Gin Trp Ser Val Leu Val Phe Leu Leu 
1.5 10 15 



38/84 



wo 2004/001384 



PCT/US2003/020041 



Ser Tyr Ser Val Pro Ser Arg Qly Arg Ser Val Glu Qly Leu Qly Arg 
20 25 30 

Arg Leu Lys Arg Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly 
35 40 45 

Lys Ser He Gin Asp Leu Arg Arg Arg Phe Phe Leu His His Leu lie 
50 55 60 

Ala Glu He His Thr Ala Glu He Arg Ala Thr Ser Glu Val Ser Pro 
65 70 75 80 

Asn Ser Lys Pro Ala Pro Asn Thr Lys Asn His Pro Val Arg Phe Gly 
85 90 95 

Ser Asp Asp Glu Gly Arg Tyr Leu Thr Gin Glu Thr Asn Lys Val Glu 
100 105 110 

Thr Tyr Lys Glu Gin Pro Leu Lys Thr Pro Gly Lys Lys Lys Lys Gly 
115 120 125 

Lys Pro Gly Lys Arg Arg Glu Gin Glu Lys Lys Lys Arg Arg Thr Arg 
130 135 140 

Ser Ala Trp Pro Ser Thr Ala Ala Ser Gly Leu Leu Glu Asp Pro Leu 



Pro His Thr Ser Arg Thr Ser Leu Glu Pro Ser Leu Arg Thr His 
165 170 175 

<210> 71 

<211> 13S9 

<212> DNA 

<213> Mus tnusoulus 

<;400> 71 

aagctttaac tgctggcgag cagcaaggct taggggaggg gaggggtgag aagtcctagg 60 

agtacccacc ccagaagtct gtagagcatc acagcccagg tctgacaaag gtctttgagt: 12 0 

gacactagcc tcctagagag tcagatgaaa ttttccagca gtattgtcta gaaggcaaac 180 

ttctttgagt ggttcccatg ttcatttcag cgtgatctag gacctggggg gaaactagta 240 

ttcacacaca cacacacaca cacacacaca cacacacaca cacacacacc tctagaacca 3 00 

caatcagtaa ctcacaactt tctcccccac cccccacccc cactccctgc ccagcagcac 360 

tgagaagctg aagcaaatgg gcactcagtg aatctttatc aggacatgag taggttatca 42 0 

gaagaaggtg agaaagaagg actctgcgca ttccaggtcg tctgtgatca caaagtgggt 43 0 

cttcttcctt gctcacacac ccggttctac cacctgctcc agacgtggat gtccccaacc 54 0 

cttcccaaac agtaagaccc aaaactgcct ttgctcttct gggtggctag gtttagtccc 600 

tccccaggag aaggccacae caggcaggaa tgcagtaatg cgagettgca acccggggtt 6S0 
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cctccttgct gtfctgtaggg acctggactc ctggacctgc cactcaggcg acagcaggcc 720 

ggttcaggag gaggagagcg tcagatcgcc cacgcgggcc aggactgggg tggggctccg 780 

tggctccggg ctcccctgtg ctccccgccc ccgccggccc gctcacccet gcctgctccg 840 

ccggcgcgcg ttcctcgggc gccacctctt tgcgactcgc tcacttctca gcaggttggc 900 

cccggagcgt gtgaaccttc cagggctggg ctcacagcta ctctccaacc tgcgccgccc 960 

cagctgggcc gctccgcccc gctgccggaa cccgccctcg cgccacctgg cctcgcatcc 1020 

acgacacgcg cgcctgcaac ttgttcaagg gcgttgtgga atcaactttc cggaagcaac 1080 

cagcccaccg aaggaggtag accgacagct atgtatatat acgcgctctg ccgcaagtgg 1140 

ctgtgcaccc agaggcccgg tgcgcaggac agatgactcc tgaggaacac ccgcgtttga 1200 

agaggggttt gacctgcccc acgacccaga gtgctgccgc caagactaat tagacattgc 1260 

tatgggagcc acagcaacgc gccacgcatc cccgacgcct atgtaaaacg cccggttttc 1320 

gctcttcttt cagaggaagc tctctgattg ctttttcccc tctcgggtcc ctttttgcct 1380 

gtgcggfcttg agagaggcgc agttagaggc gctgattcct acacaagtaa gtgctcaggg 1440 

gctcggagac acttttttgc tttctttttc ttg'ttttctt ttttcctcct aacttgtgag 1500 

atgccctcga ctttggagtg gctgttggga agccacgggg ttccaaaaga gggagcjgggg 1560 

cagtgcgagg aagagatgga gagccgggac tgacGCtcgg gttccactct tgcaggtccc 1620 

cagagccagc gagcggcacg atgctgcgga ggctggttca gcagtggagt gtcctggtat 1680 

tcctgctcag ctactccgtg ccctcccgcg ggcgttcggt ggaggggctt ggccgcaggc 1740 

tgtaagtacc ggtcttcctc ctggggtgag gggtggggaa gaccagcgcc agctgaggcg 1800 

ggegatgctg aggaagccat ggggtccctg atggtcccaa cctgagttgg acacagtcca 18S0 

cggggtacc 3^ggg 

<210> 72 

<211> 177 

<212> PRT 

<213> Homo sapiens 

<400> 72 

Met Gin Arg Arg Leu Val Gin Gin Tip Ser Val Ala Val Phe Leu Leu 
1 ,5 10 15 

Ser Tyr Ala Val Pro Ser Cys Gly Arg Ser Val Glu Giy Leu Ser Arg 
20 25 30 

Arg Leu Lys Arg Ala Val Ser Glu His Gin Leu Leu His Asp Lvs Gly 
35 40 45 

Lys Ser He Gin Asp Leu Arg Arg Arg Phe Phe Leu His His Leu He 
50 55 60 

Ala Glu lie His Thr Ala Glu He Arg Ala Hhr Ser Glu Val Ser Pro 
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Asn Ser Lys Pro Ser Pro Asn Thr Lys Asn His Pro Val Arg Phe Gly 
85 90 95 

Ser Asp Asp Glu Gly Arg Tyr Leu Thr Gin Glu Thr Asn Lys Val Glu 
100 105 110 

Thr Tyr Lys Qlu Gin Pro Leu Lys Thr Pro Gly Lys Lys Lys Lys Gly 
115 120 125 

Lys Pro Gly Lys Arg Lys Glu Gin Glu Lys Lys Lys Arg Arg Thr Arg 
130 135 140 

Ser Ala Trp Leu Asp Ser Gly Val Thr Gly Ser Gly Leu Glu Gly Asp 
145 150 155 160 

His Leu Ser Asp Thr Ser Thr Thr Ser Leu Glu Leu Asp Ser Arg' Arg 
165 170 175 ' 

His 

<210> 73 

<211> 1025 

<212> DNA 

<213> Homo sapiens 



<400> 73 



gtcccgagcg 


cgagcggaga 


cgatgcagcg 


gagactggtt 


cagcagtgga 


gcgtcgaggt 


60 


gttcctgctg 


agctacgcgg 


tgccctcctg 


cgggcgctcg 


gtggagggtc 


tcagccgccg 


120 


cctcaaaaga 


gctgtgtctg 


aacatcagct 


cctccatgac 


aaggggaagt 


ccatccaaga 


180 


tttacggcga 


cgattcttcc 


ttcaccatct 


gatogcagaa 


atccacacag 


Gtgaaatcag 


240 


agctacctcg 


gaggtgtccG 


ctaactccaa 


gccctctccc 


aacacaaaga 


accaccccgt 


300 


ccgatttggg 


tetgatgatg 


agggcagata 


cctaacfccag 


gaaactaaca 


aggtggagac 


360 


gtacaaagag 


cagccgctca 


agacacctgg 


gaagaaaaag 


aaaggcaagc 


ccgggaaacg 


420 


caaggagcag 


gaaaagaaaa 


£iacggcgaac 


tcgctctgcc 


tggttagact 


ctggagtgac 


480 


tgggagtggg 


ctagaagggg 


accacctgtc 


tgacacctcc 


acaacgtcgc 


tggagctcga 


540 


ttcacggagg 


cattgaaatt 


ttcagcagag 


accttccaag 


gacatattgc 


aggattctgt 


600 


aatagtgaac 


atatggaaag 


tattagaaat 


atttattgtc 


tgtaaatact 


gtaaatgcat 


660 


tggaataaaa 


ctgtctCGCC 


cattgctcta 


tgaaactgca 


cattggtcat 


tgtgaatatt 


720 


tttttttttg 


ccaaggctaa 


tccaattatt 


attatcacat 


ttaccataat 


ttattttgtc 


780 


cattgatgta 


tttattttgt 


aaatgtatct 


tggtgctgct 


gaatttctat 


attttttgta 


840 


acataatgca 


Gtttagatat 


acatatcaag 


tatgttgata 


aatgacacaa 


tgaagtgtct 


900 


ctattttgtg 


gttgatttta 


atgaatgcct 


aaatataatt 


atccaaattg 


attttccttc 


960 
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gtgcatgtaa aaataacagt attttaaatt tgtaaagaat gtctaataaa atataatcta 1020 
attac 1025 

<210> 74 , 
<211> 258 
<212> PRT 

<213> Leistimania major 
<400> 74 

Met Leu Val Ser Val Lys Pro Lys Pro Glu Val Ala Gly Hir Ala His 
IS 10 15 

Val Pro Leu Gly Pro Thr Gly Thr Aen Val Arg Gly Ala Phe Pro lie 
20 25 30 

Thr Ala Ala Ser Arg Ser Ala His Ala Met Phe Pro Ser Tlir Trp Tyr 
35 40 45 

Ser Ala Leu Lys Pro Lys Ala Ala Tyr Tyr Phe Ala Lys Pro Asp Thr 
50 55 SO 

Ser Ser Trp Lys Leu Ser Asp Phe Qlu Leu Lys Asn Thr Leu Qly Thr 
65 70 75 80 

Gly Ser Phe Gly Arg Val Arg lie Ala His Arg Lys Gly Thr Glu Glu 
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Phe Thr Leu Cys Gly Thr Pro Glu Tyr Leu Ala Pro Glu Val He Gin 
225 230 235 240 



Ser Lys Gly His Gly Lys Ala Val Asp Trp Trp Thr Met Gly Val Leu 
245 2S0 2H5 



Leu Tyr 



<210> 75 

<211> 838 

<212> DHA 

<213> Leishmania major 

<400> 75 



tttgacacag 


ccgatgtggg 


gtggcatcag 


Ctcgggcact 


gctgattgca 


tctcactggc 


60 


gceatgctag 


tgagtgtgaa 


gccgaaacct 


gaggtggctg 


gcacagctca 


cgtacccctt 


120 


gggcccacgg 


ggacgaatgt 


gcgcggtgcg 


tttcccatca 


ccgctgcgtc 


cagatcggcg 


180 


catgctatgt 


ttcctagcac 


gtggtactcc 


gctttaaaac 


ccaaggccgc 


ttattacttc 


240 


gcaaagccag 


acacctccag 


Otggaaactc 


tcagatttcg 


aactgaagaa 


cacgctcggc 


300 


accggttcct 


tcggccgcgt 


gegcatcgcc 


caccgcaagg 


gcacggagga 


gtactacgcg 


360 


atcaagtgcc 


tgagaaagcg 


cgagatcatc 


aagatgaagc 


agcagcagca 


cgttgcgcjag 


420 


gaaaagggga 


tcctaatgga 


gctgtgtcac 


ccgttcatcg 


tgaacatgat 


gtgctccttc 


480 


caggacgaga 


agaaggtgta 


ctttcfcgctg 


gagtttgtca 


tgggcggcga 


gatgttcacg 


540 


cacctgcgca 


ctgccgggcg 


gttcccgaat 


gacgttgcga 


agttctacca 


cgcgaagctg 


eoo 


gtgcttgcgt 


tcgagtatct 


gcactcgctg 


gacgtgatct 


accgcgatct 


gaagccggag 


660 


aatctgctgc 


tggacaacaa 


ggggcatgtg 


aagatgacgg 


actttgggtt 


tgcgaagaag 


720 


gtgccggacc 


ggacgttcac 


gctgtgcggg 


acaccggagt 


accttgcgcc 


ggaggtgatc 


780 


cagagcaagg 


gccacgggaa 


ggcggtggac 


tggtggaoga 


tgggcgtgct 


gctgtacg 


838 



<210> 76 
<211> 381 
<312> PRT 

<213> Leishmania major 
<400> 76 

Met Leu Val Ser Val Lys Pro Lys Pro Glu Val Ala Gly Thr Ala His 
15 10 15 



Val Pro Leu ply Pro Thr Gly Thr Asn Val Arg Gly Ala Phe Pro He 
20 25 30 



Thr Ala Ala Ser Arg Ser Ala His Ala Met Phe Pro Ser Thr Trp Tyr 
35 40 45 
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Ser Ala Leu Lys Pro Lys Val Ala Cys Asn Phe Ala iiys P,ro aysp 
50 55 60 

Ser Ser Trp Lys Leu Ser Asp Phe Glu Leu Lys Asn Thr Leu Gly Thr 



61y Ser Phe Gly Arg Val Arg lie Ala His Arg Lys Gly Thr Glu Glu 
85 90 95 



Gin Gin ain His Val Ala Gin Glu Lya Gly lie Leu Met Glu Leu Cys 
115 120 125 



Val Tyr Phe Leu Leu Glu Phe Val Met Gly Gly Glu Met Phe Thr His 
145 150 155 160 

Leu Arg Thr Ala Gly Arg Phe Pro Asn Asp Val Ala Lys Phe Tyr His 
165 170 175 

Ala Glu Leu Val Leu Ala Phe Glu Tyr Leu His Ser Leu Asp Val lie 
180 185 190 

Tyr Arg Asp Leu Lys Pro Glu Asn Leu Leu Leu Asp Asn Lys Gly His 
195 200 205 

Val Lys Met Thr Asp Phe Gly Phe Ala Lys Lys Val Pro Asp Arg Thr 
210 215 220 
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tys Asn His Pro Tyr Phe His Gly Ala Asn Trp 
325 330 



Asp Lys Leu Tyx Ala 
335 



Arg Tyr Tyr Pro Ala Pro lie Pro Val Arg Val 
340 345 



Lys Ser Pro Gly Asp 
350 



Thr Ser Asn Phe Glu Lys Tyr Pro Asp Ser Pro 
3SS 360 



Val Asp Arg Thr Pro 
365 



Ala Leu Thr Ser Ala Oln Qln Ala Qlu hen Lys 
370 375 



Gly Phe 
380 



<210> 77 
<211> 2333 
<212> DNA 

<213> Leishtnania major 
<400> 77 

tctgtgcttg cgcgtctcca cgtgcgcgtt ttcaccgtat atctcctctg gggaggggtc 60 

agacgtcgtc gcgagacgtc gcggttcctt tcgggaagtc cccgaaggca ggacgtccgt 120 

accacttgtg aggtgtctgc tttgcattgc atfcccgccgt cgaggcacgg ctttctctcg 180 

aacacgtcat tggcattcga acgggtgtct ttgctcgact ctttcgtggc gcacccgcaa 240 

cgcaagcata cgacacacct tcgctagcga accgcaagag gacggcttgc agagaccaac 300 

gtgtttttct tgatttctga gaccatttca gggctctctc tctctctctc tctcaacctc 360 

ttccgtcccc catctctttg acacagccga tgtggggtgg catcagctcg ggcactgctg 42 0 

attgcatctc actggcgcca tgctagtgag fcgtgaagccg aaacctgagg tggctggcac 480 

agctcacgta ccccttgggc ccacggggac gaatgtgcgc ggtgcgtttc ccatcaccgc 54 0 

tgcgtccaga tcggcgcatg ctatgtttCG tagcacgtgg tactccgctt taaaacccaa 600 

ggtcgcgtgc aacttcgcaa agccagacac ctccagctgg aaactctcag afcttcgaaet S60 

gaagaacacg ctcggcaccg gttccttcgg ccgcgtgcgc atcgcccacc gcaagggcac 720 

ggaggagtac tacgcgatca agtgcctgag aaagcgcgag atcatcaaga tgaagcagca 780 

gcagcacgtt gcgcaggaaa aggggatcct aatggagctg tgtcacccgt tcatcgtgaa 840 

catgatgtgc tccttccagg acgagaagaa ggtgtacttt ctgctggagt ttgtcatggg 900 

c^gcgagatg ttcacgcacc tgcgcactgc cgggcggttc ccgaatgacg ttgcgaagtt 960 

ctaccacgcg gagctggtge ttgcgttcga gtatctgcac tcgctggacg tgatctaccg 1020 

cgatctgaag ecggagaatc tgctgctgga caacaagggg catgtgaaga tgacggactt lOBO 

tgggtttgcg aagaaggtgc cggaccggac gttcacgctg tgcgggacac cggagtacct 1140 

tgcgccggag gtgatccaga gcaagggcca cgggaaggcg gtggactggt ggacgatggg 1200 

cgtgctgctg tacgaattca ttgccggata cccgccgttc tacgacgaca cgccgttccg 1260 

gatttacgag aagatccttg ctgggcggct gaagttcccg aactggtttg acggccgcgc 1320 

gcgcgacctc gtgaaggggc tgctgcagac ggaccatacg aagcgcctgg ggacgctgaa 1380 
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aggcgggceg 


gcggacgtga 


agaaccatcc 


gtacttccac ggtgcgaact 


gggacaagct 




gtacgcacgt 


tactaccccg 


cgccgatccc 


tgtgcgggtg aagagccctg 


gcga cacgag 




caacttcgag 


aagtacGcgg 


acagcccggt 


cgaccgcacg cctgcgctga 


cgtcggcgca 




gcaggccgaa 


ttgaaggggt 


tttaactgca 


tccgctgcct tgcgatatga 


ttttcacgtg 




tgcatctcct 


tatgtgggca 


tatgtttgtg 


ctcagtggcg aggtttggtg 


fctttgttttfc 




gtagccgctg 


tagcctgtge 


ccatctgaag 


gcgcttcttt tgttttttgt 


ttgccttttg 




ggeattgtta 


ccttcccgag 


cttetgtagt 


ggggaaagat cfcgtattgta 


cccgcctact 




ggaagctgtt 


tggaacccct 


cttgtttcat 


atbgbgcact gggctcaccg 






gtggacttta 


cacggttgtc 


tattgtcctc 


ctctctgtct tcgatgtagt 


tgtacacagg 




cgtgcatgtg 


tatgtgtgtg 


cgcttgtggc 


cagtcttctc ttcgtctcca 


tttttatcgt 




ctctgaatgt 


tcgtttgtgt 


tttgtttccg 


actggaagtt gtgtatgtgt 


atgtatgtgt 




gtgctggtgg 


tggtgggtgc 


agggctgcgc 


gtgctgctct, ttttttgtcg 


cttcgttttg 


2100 


tttctgatat 


gtcttcaaga 


agtgaaagaa 


gcacggggga gacacgacag 


tagaatgagc 


2160 


accaggtatc 


tgtagctgat 


gttgtcatga 


accgttggcg tgtcttttct 


ttgcttgtat 


2220 


tattctcatc 


ctacatccca 


catccccagc 


ctttcgcatg cagccgtgag 


tacagcacaa 


2280 


actaaacgcg 


tcgcggcgtc 


tttcttttgt 


ccaagtegtc gattttgcgg 


etc 


2333 



<210> 78 
<2H> 605 
<212> PRT 

<:213> Mucor raceinoBUB 
<400> 78 

Met Ala Asp Phe Thr Asp Ser Leu He Lys Asn He Gly Val His Ser 



Ser Ser Pro Val Met Thr Ser Val Asn Met Gly Gin Leu Qly Qlu Lys 
20 25 30 



Leu Arg Gin Ala Arg Thr Thr Thr Leu Ala Ser Leu Ser Gin Ala Leu 
35 40 45 

Ser Lys Lys Pro Glu Ala Ala Ala Ala Ala Ala Thr Ala Pro Asn Ala 

SO 55 eo 

Val Asn Glu Ser Thr Thr Thr Pro Thr Thr Met Gin Leu Pro Ala Ser 
65 70 75 80 

Glu Lys Ala Thr Ser Gin Leu Glu He Asn Val Val Glu Ala Arg Asn 



Leu Thr He Ala Asp Ala Arg Lys Ala Asp Thr Tyr Cys He Val His 
100 105 110 
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Leu Pro Ser Thr Pro Leu Val He Lys Ser Gin Val Ala Ser Gly Ala 
130 135 140 

Phe Lys Ala Phe Glu He Met Met Ser Ala Ser Ser Pro Lys Trp Met 
145 150 155 160 

HiB Arg Val Asn Phe Asp Val Thr Ala Gly Asn Lys Glu He Thr Val 
1S5 170 175 

Phe Val Tyr Asp Arg Gly Asn Lys Leu Pro Asn Gly Glu Asp Arg Phe 
130 185 190 

Leu Gly Met Ser Ser He Val Pro Asn Leu Val Asn Lys Lys Thr Val 
195 200 205 

Glu Leu He Phe Pro Leu His Gly Arg Pro Asp Asp Asp Gin Glu Val 
210 215 220 

Thr Gly Asp Val Arg Leu Gin Val Thr Phe He Asp Pro Lys Lys Ala 
225 230 235 240 

Asn Leu Lys Pro Glu Asp Phe Arg He Val Arg Met He Gly Gin Gly 
245 250 255 

Ser Val Gly Lys Val Tyr Glu Val He Lys Arg Asp Ser Gly Arg Thr 
260 265 270 

Tyr Ala Met Lys Val Leu Ser Lys Arg Leu Leu Leu Ala Glu Aan Glu 
273 280 285 

Val Asp Thr Ala Phe Asn Glu Arg Asn Val Leu Val Gin Ser Leu Ser 
290 295 300 

Ser Pro Phe He Ala Asn Leu Lys Tyr Ser Phe Gin Thr Thr Asn His 
305 310 315 320 

Leu Phe Leu Val Met Asp Tyr Phe Pro Gly Gly Glu Leu Phe Asp Phe 
325 330 335' 

Leu Glu Arg Glu Arg Cys Leu Ser Glu Lys Arg Cys Gin Phe Phe Ala 
340 345 350 

Ala Glu He Val Cys Ala Phe Asp Asn He His Ala Arg Asn He Val 
355 360 365 

Tyr Arg Asn Leu Lys Pro Glu Ser He Leu Leu Asp Ala His Gly His 
370 375 380 
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lie Lys Phe Pro Ala Gly Qly Cys lie Thr Glu Glu Ala Lys Asp Phe 
465 470 475 480 



<210> 79 
<2ai> 2578 
<212> DHA 

<213> Mucor racemosus 
<400> 79 

tcgaaatcaa aggtctgcta ctagtctaat accacaggaa gcagatattg gtatttgaaa 60 
ctgccacgtt attgaaatgc ctctgatcgt atgactagct ggcccaatga acattacatt 120 
ggccGcaaca gccaatcaaa gacgtcccaa tttaaagggg atgttggcat ctaatgttga 180 
tcgcagatag acacacctaa aattatgcac tgttttgggt tacacattga ttttaggtaa 240 
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ccacaccatc 


tagaattcag gacatgtaga 


agccggtata 


tgagatggaa 


ggtacattgt 


300 


ttacaagtac 


tagcgtcaat aaagtatcaa 


atagattcag 


tgagtagtct 


gctatcactc 


360 


tatactagcg 


agcacagtca atcggccgat 


aagaaatagg 


aacagaaata 


tacccccaac 


420 


atcagtggtc 


ttcaaeggaa tctcaaacat 


gaaactgtta 


aatatgagat 


ggatcttgcc 


480 


tattcttctc 


tcttgctcat tcttctcatc 


atcgcagaat 


acaeatacgt 


aatatggctg 


540 


atttcacaga 


ttctctcatc aagaacattg 


gcgttcactc 


atcatctcct 


gtcatgacat 


600 


ctgtcaatat 


gggtcaattg ggtgaaaagc 


ttcgtoaagc 


tcgtacaaca 


acacttgctt 


660 


ccttatctca 


agctctttca aagaagcccg 


aagctgctgc 


tgctgctgcc 


actgccccca 


720 


acgctgttaa 


tgaaagtacc accacaccca 


Gcacaatgoa 


actccctgct 


tcggaaaaag 


780 


ccactagtca 


attggagatc aatgtggttg 


aagctcgtaa 


tttgaccatt 


gctgatgcgc 


840 


gcaaagccga 


cacctactgt attgttcatt 


acgaaggcaa 


caccacatca 


acgcttgata 


900 


aagtagatga 


tggeatcttg cccagcacgc 


ctctggtgat 


taaatctcaa 


gtcgctagcg 


960 


gtgcattcaa 


ggcatttgaa atcatgatga 


gcgctagttc 


tcccaagtgg 


atgcatcgtg 


1020 


tcaacttgta 


agttgctatc cagaatatgt 


caaaaagggc 


tctgcgctaa 


ccatgttaat 


1080 


atagtgatgt 


aactgctggt aacaaggaga 


tcactgtgtt 


tgtctatgat 


cgtggtaaca 


1140 


aattgcccaa 


tggtgaagat cgcttcttgg 


gcatgtctag 


cattgttccc 


aacttggtca 


1200 


acaagaagac 


ggtcgagctg atctttcctc 


ttcacggccg 


tcctgacgat 


gatcaagaag 


1260 


ttactggtga 


tgtccgtctt caagttactt 


ttatcgaccc 


taaaaaggta 


attttatatg 


1320 


agtatgattc 


ttgacagctg atgtctgaca 


cttctaaaac 


GCtattcaag 


gctaatcfcta 


1380 


agccagagga 


tttccgcatt gtgcgtatga 


ttggtcaagg 


ctcagtgggt. 


aaggtgtatg 


1440 


aggtgatcaa 


gcgtgattct ggccgtacct 


atgacatgaa 


ggtgctctct 


aagcgtctct 


IBOO 


tgctogccga 


gaatgaagtc gatactgcct 


tcaacgagcg 


caatgtgctg 


gttcagtctc 


1560 


tctcaagccc 


tttcattgcc aatctcaagt 


acagtttcca 


aacaacaaac 


catctcttct 


1620 


tggttatgga 


ttactttccg ggtggcgaat 


tgtttgattt 


cctggagcgt 


gagcgttgtt 


1680 


tgagcgagaa 


gcgttgccaa ttctttgctg 


ccgagattgfc 


gtgtgccttt 


gacaacatcc 


1740 


atgctcgcaa 


cattgtctat cgtaacctga 


agccagagag 


catcttgctg 


gatgcacatg 


1800 


gacacattgc 


ctbgacagat ttcggcttat 


gcaagcaatfc 


gaagaacaag 


atggatttga 


1860 


ttcaaggtgt 


gcctcaagtc attacacaag 


aatacctcgc 


ccctgaaatg 


gtaatgcaaa 


1920 


agccctatgg 


catggctgcc gactggtgga 


gtctcggtgt 


tttgatgttt 


gagctgttga 


1980 


ctggatctcc 


tcctttccat tctgttgaac 


aaggtgaatt 


gtttagacaa 


atcctggaag 


2040 


Gtcccattaa 


attccctgct gggggctgca 


fctacagagga 


agccaaggat 


ttcatctgcc 


2100 


aactgctgga 


gcgtgatcct gccaagcgtc 


tgggctccca 


tggtgatgtt 


gctcaggtca 


2160 


aagcacatcc 


attctttaag gatctcaact 


gggatgtcgt 


ttacaagaag 


caaatgcagc 


2220 


ttccctttgt 


gcccgaggta gaagagcagc 


tccgcgaaga 


agccattgct 


gctgctgctg 


2280 
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ccattagcat 


tcctgtgacc 


aacagcaaga ccgagtctac 


caatgccaat 


gtgatgcctg 


2340 


tggctgatca 


atccaaattc 


aagggattta gctatattcg tgaagatgtc 


atggcaaaga 


2400 


agggcgagca 


tcgtctgggt 


gtcaatcctg aggatgaaga 


tcccgaagtt 


gatttctggt 


2460 


ttagacagta 


aaaatcgtcc 


atctatcctt acattttgta 


catatatatt 


aatcaagacc 


2520 


cccctcctca 


ttcaataaag 


cacatatttg ttcatatacc 


aaaaaaaaaa 


aaaaaaaa 


2578 



<210> 80 
<211> 349 
<212> PRT 

<213> Xenopus laevis 
<400> 80 

Gly Asn Ala Ala Thr Ala Dys Lys Gly Asn Glu lie Glu Ser Val Lys 
15 10 15 

Glu Phe Leu Ala Lys Ala Lys Glu Asp Phe Leu Arg Lys Trp Glu Thr 
20 25 30 

Pro Pro Qln Asn Thr Ala Ser Leu Asp Asp Phe Asp Arg Met Lys Thr 
35 40 45 

Leu Gly Thr Gly Ser Phe Gly Arg Val Met Leu Val Lys His Lys Gly 
50 55 60 

Ala Giu Gin Tyr Tyr Ala Met Lys lie Leu Asp Lys Gin Lys Val Val 
S5 70 75 80 

Lys Leu Lys Gin lie Glu His Thr Leu Asn Glu Lys Arg He Leu Gin 
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He He Leu Ser Lys Gly Tyr Asn Lys Ala Val Asp Trp Trp Ala Leu 
210 215 220 

Gly Val Leu He Tyr Glu Met Ala Ala Gly Tyr Pro Pro Phe Phe Ala 
225 230 235 240 

Asp Gin Pro He Gin He Tyr Glu Lys He Val Ser Gly Lys Val Arg 
245 250 255 

Phe Pro Ser His Phe Ser Ser Asp Leu Lys Asp Leu Leu Arg Asn Leu 
260 255 270 

Leu Gin Val Asp Leu Thr Lys Arg Tyr Gly Asn Leu Lys Asn Gly Val 
275 280 285 

Asn Asp He Lys Asn His Lys Trp Phe Ala Thr Thr Asp Trp He Ala 
290 295 300 

He Tyr Gin Arg Lys Val Glu Ala Pro Phe He Pro Lys Cys Arg Gly 
305 310 315 320 

Pro Gly Asp Thr Ser Asn Phe Asp Asp Tyr Glu Gly Ser Phe His Leu 



Ser Leu Thr Glu Lys Cys Ala Lys Glu Phe Ala Asp Phe 
340 345 

<210> 81 
<211> 1994 
<212> DNA 

<213> Xenopus laevis 

<400> 81 

tgggaaacgc tgccaccgcc aagaagggga atgaaattga gagcgtgaaa gaatttctag 60 

ccaaagccaa agaagacttt ttaagaaagt gggaaacgcc tcctcagaat actgcaagtc 120 

tagatgattt tgatagaatg aaaacccttg gaactggctc atttggaaga gttafcgttag 180 

tgaaacataa aggtgcagag cagtattatg ctatgaagat actggataaa cagaaggtgg 240 

tgaagctgaa acaaatagag catacattaa atgaaaagag gatattgcag gcagtgaact 300 

ttGctttGGt tgteaggttg gaatattcct ttaaggataa ctctaattta tatatgatta 3 SO 

tggaatatgt ccctggggga gaaatgtttt cacatttaag aaggattggc aggttcagtg 420 

agcctcacgc aagattttac gcagctcaga tagtgctgac atttgagtac ctccattcac 480 

tagaccttat ctacagagat ctcaaaccag aaaatctttt aattgaccag caaggataca 540 

ttcaggtcac agattttggg tttgccaaaa gagtaaaggg tagaacttgg acattatgtg 600 

gaacgccaga gtatctggca ccagaaatta ttttaagcaa gggttataac aaagcagttg 6S0 

actggtgggc attaggagtt ttaatatatg aaatggctgc tggttatccc cctttctttg 720 
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ctgatcaacc cattcagatc tatgaaaaaa ttgtgtcagg aaaggtacgg tttccttccc 780 

acttcagctc agaccttaaa gacctgctaa ggaacttgct ccaggtagat ttgaccaaaa 840 

gatatggcaa cttgaagaat ggcgttaatg acatcaaaaa tcacaaatgg tttgctacaa 900 

cagactggat tgcaatttat cagagaaagg tggaagctcc cttcatacca aagtgcagag 960 

ggcctggaga taccagtaac tttgatgact atgaagggag cttccacctt tctctgacag 1020 

aaaaatgtgc aaaagagttt gccgactttt aggatgtgca tgagaacaag atgacatcag 1080 

ggctcatatt ggaatcjtttg cactcttttt gcagatgggg tgaagctgag accatcttat 1140 

gtcacacagt tacctagttc cttcattocg caaggttgac taaggtctat tttgccatct 1200 

tccatgtgtg cgtttcgcac cacccttttt atctaggcac aattaatcaa gcgatttgtg 1260 

ctgtaacaca gaatgctaga ccactttcct tcgtctcttg ttttatttta ttttttttcc 1320 

ttttttgttt acatcttgta tgttttgccc ttctcctcac aggtattttt ttaagtagta 1380 

ttttacccaa ctacactccc tttattttga aaatgtatta ttattagttg ggggggcagg 1440 

gggtacgaga gagagagaga gagagagtte tgggaggtgc tgcaatgagg aaaatttcag 1500 

atggaggaaa tgttgtttct agtctctgcc actccatagg tttttgtttt aeafctgtaaa 15S0 

ccttatttct gtatggtgga aaatgtttca gctcaaattg gaactactgg ccaatattat 1620 

tttgagtgtt tatgaagtaa ceataaccac ggccaaaatc tccaaatgga aataatgttg 1680 

agaacaaaat tcttcctagt gattgaccaa aattggttag aaatcaattt gagtgctacg 1740 

tttggctaga tagaccctgt gccttggatt tctattcttt aactgcgctg cccctcctgg 1800 

tgtgttcctt gctttggcag gaectaaatg ttgcgtgacc atactgtacg acacatagca 1860 

cattgtttgg ttaaacttga ggatttacag ctgaagtctt tgaattacat aatgctgact 1920 

ttaaaaatat cacgtccttc ttgggggggg ttttaataac attaaacctg ctcttcaata 1980 

aaaaaaaaaa aaaa 1994 

<210> 82 
<211> 351 
<212> PET 

<213> Xenopus laevis 
<400> 82 

Met Gly Asn Ala Ala Thr Thr Lys Lys Gly Gly Glu He Glu Ser Val 
1 5 '10 15 

Lys Glu Phe Leu Ala Lys Ala Lys Glu Asp Phe Leu Lys Lys Trp Glu 



Ser Pro Ala Gin Asn Thr Ala Asn Leu Asp Gin Phe Glu Arg Met Lys 
35 40 45 

Thr Leu Gly Thr Gly Ser Phe Gly Arg Val Met Leu Val Arg His Lys 
50 55 60 
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Glu Asn Gly Ser His Phe Ala Met Lys lie Leu Asp Lys Gin Lys Val 
65 70 75 80 

Val Lys Leu Lys Gin lie Glu His Thr Leu Asn Glu Lys Arg He Leu 



Arg Pile Tyr Ala Ser Gin He Val Leu Thr Phe Glu Tyx Leu His Ala 
145 150 155 160 



Leu Gly Val Leu He Tyr Glu Met Ala Ala Gly Tyr Pro Pro Phe Phe 
225 230 235 240 

Ala Asp Qln Pro He Gin He Tyr Glu Lys He Val Ser Gly Lys Val 
245 250 255 



Arg Phe Pro Ser His Phe Ser Ser Asp Leu Lys Asp Leu Leu Arg Asn 
260 265 270 

Leu Leu Gin Val Asp Leu IJhr Lys Arg Phe Gly Asn Leu Lys Asn Gly 
275 280 285 

Val Thr Asp He Lys Gly His Lys Trp Phe Ser Thr Thr Asp Trp He 
290 295 300 

Ala Val Tyr Gin Lys Lys Val Glu Ala Pro Phe He Pro Lys Cys Lys 
305 310 315 320 

Gly Pro Gly Asp Thr Ser Asn Phe Asp Asp Tyr Glu Glu Glu Glu He 
325 330 335 
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Arg Val Ser lie Thr Glu Lys Cys Ala Lys Glu Plie Ser Asp Phe 
340 345 350 



<210> 83 

<211> 2737 

<212> DNA 

<:213> Xenopus laevls 

<400> 83 



cgggaaaggt 


tccgcggcct 


gcggggttct 


agaggtgacg 


agcgggtget 


ggatgcgtcc 


60 


ggtgggagga 


gagccagcag 


gcccgtcata 


tcgcttccca 


gagatgctga 


tcgatgtgta 


120 


acccagaagt 


aacggactga 


tttctcatcg 


caggtcttaa 


acttattggt 


ggggggcgtt 


180 


tgtccagaat 


ttagagggcc 


cgtccgcccc 


ccaccatggg 


caacgcggct 


accacaaaga 


240 


agggtggcga 


gafctgaaagt 


gtgaaagaat 


ttctggcaaa 


agcaaaagaa 


gattttctga 


300 


aaaaatggga 


gagtccagca 


cagaacaoag 


caaatctgga 


Gcagtttgag 


cgaatgaaaa 


360 


ctcttggcac 


cgggtcgttt 


gggcgcgtaa 


tgctggtcag 


gcacaaagaa 


aatggcagtc 


420 


actttgctat 


gaaaatcttg 


gacaagcaga 


aggtggtgaa 


gttgaagcag 


attgagcaca 


480 


cgttgaatga 


gaaacggata 


ctgcaggctg 


tgaatttGcc 


attccttgtg 


cggctggagt 


540 


attcgtttaa 


ggataacacc 


aatctgtata 


tggtcatgga 


gtatgtagcc 


ggcggggaga 


SCO 


tgttctctca 


tttgcgcaga 


atcgggcgct 


tcagtgaacc 


tcatgcacgc 


ttctatgcat 


660 


GCGagattgt 


attaactttc 


gaatatcfcac 


acgcGctgga 


tcttatatac 


agagacttga 


720 


agccagagaa 


tcttctcata 


gaccagcagg 


ggtatatcca 


ggtgacagat 


tttggatttg 


780 


caaagagagt 


gaaagggagg 


acctggacGC 


tgtgtgggac 


accagaatac 


cttgcgccag 


840 


aaataatcat 


tagcaagggt 


tataataagg 


cagtggattg 


gtgggcccta 


ggagtcctga 


900 


tttatgagat 


ggctgctggg 


tatcctccat 


ttttcgctga 


tcagcccatt 


cagatctatg 


960 


aaaaaatagt 


atcggggaag 


gtccggttcc 


cctctcactt 


tagctccgac 


ctgaaggatc 


1020 


fctctcagaaa 


tcttttgcaa 


gttgatctga 


ctaagegttt 


tgggaatttg 


aagaacggbg 


1080 


tcacagacat 


caagggacac 


aaatggttca 


gtacaacgga 


ctggattgca 


gtctaccaga 


1140 


aaaaggtgga 


agctccottc 


atccctaaat 


gtaagggtcc 


tggagacacc 


agtaattttg 


1200 


acgactatga 


agaagaagaa 


atcagagttt 


caatcactga 


aaaatgcgct 


aaagaattct 


1260 


ctgactttta 


atttgcaccc 


gtaaaggcgg 


agcagtcacc 


aaacacgccc 


atoaagcaag 


1320 


agagaccgtt 


ggagcaagca 


gcactgacag 


gcacacaacc 


acctcttccc 


tttcacacta 


1380 


ccccatecct 


tctaagctta 


ttggtggtgt 


ggtcagacat 


ggcacccatc 


ctgttttatg 


1440 


ctggatctgg 


tggtgtggtt 


ctgagacttt 


tgtttctctt 


tGtgtgaGag 


atttgagggg 


1500 


ccaagaattt 


atttaaatgt 


gactggatcc 


tctggggtgg 


agtcagaacc 


ttgggggcag 


1560 


agcctcaacc 


ctcagaatgg 


gcgatgtatg 


gtttcttttt 


tttttttttt 


aaecattttc 


1620 


ttcggagcaa 


gccagccact 


ggtttttatt 


gattaattta 


catagtatat 


aaacagagaa 


1680 
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actgttttaa 


tctaaacatt 


ttcctccccc 


atcaatattc tttttcttoa tagcctattg 


1740 


tagagggatt 


tttaatttca 


atgtgccagt 


tttacccaaa aatctcGctt ttttgtcttt 


1800 


acctgttttt 


tccagcatct 


ttggtggtgg 


tgtttcttgt ccttatatct ctaagcaaat 


1860 


agccaaccct 


ctgctttgat 


actaaagtta 


gaaatctggt ggttgatcag aaatgcatta 


1920 


cataacactc 


tccccgaatt 


cggttttttt 


tttttttttt tttttcagat tccaagactt 


1980 


ttattgaatc 


taaatacatt 


taagggtcat 


tgattcttcc ctcaccaaag tccctgaggt 


2040 


Gtttgattgg 


acactacatt 


tacagtctgc 


caaaagcttg tatacagctg gtcagttaat 


2100 


ccattgcaga 


cttctgttcc 


accagaaaac 


aaaggaataa tttaagtaac ctatagccac 


2160 


caaatagctt 


aactgccagc 


tgtagtaaga 


caaaattcta aagagttgct ataggttaat 


2220 


cccttccaac 


catctatgcc 


tagtctgaaa 


tagattataa attctagcaa gttatagccc 


2280 


tcaaaacaaa 


gaaaggtgtc 


taaggaaata 


toagacttca attcaggttc tctctccccc 


2340 


attaatgaag 


tctaagcatc 


taacatattt 


cagttcttag gaccaatttc tttttatgtg 


2400 


agggaagaag 


cctcaaccta 


atgatcacat 


taaacagaat caaaaggacg aabgttttag 


2460 


gtgaaagttc 


ttcatggaag 


gaccaacaag 


ttgtctgcac aaatgcattt ggggtatcga 


2520 


acagttctat 


gaggagtgaa 


aaacaaatat 


gctaagcatt ggggcataaa taataagtgc 


2580 


ttcttgggtc 


tggttgtcaa 


ggtgctcaac 


aagggcagct tgttagatgt cttgagtccc 


2640 


ctcatttggt 


cacctggtga 


atagcatgag 


caaggtaacc attatttget gafcgttactc 


2700 


ctgcaaccga 


aatacgtcca 


tccttcgtca 


tgtagat 


2737 



<210> 84 
<211> 309 
<212> PRT 

<213> Trypanosoma cruzi 
<400> 84 

Met Ser Oly Glu Ala Asn Tyr Glu Lys Pro Asp Thr Ser Asn Trp Lys 
15 10 15 



Leu Ala Asp Phe Glu Met Gly Asp Thr Leu Gly Thr Gly Ser Phe Gly 
20 25 30 

Arg Val Arg He Ala Lys Leu Lys Gly Thr Asn Asp Tyr Tyr Ala Val 
35 40 45 

Lys Cys Leu Lys Lys Arg Glu He Leu Lys Met Lys Gin Val Gin His 
50 55 60 

He Ser Gin Glu Lys Gin He Leu Met Glu Leu Ser His Pro Phe He 
65 70 75 80 

Val Asn Met Met Cys Ser Phe Gin Asp Asp Arg Arg Val Tyr Phe Val 
85 90 95 
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Gly Thr Pro Glu Tyr Leu Ala Pro Glu Val lie Gin Ser Lys Qiy His 
180 185 190 



Glu Lys He Leu Ser Gly Arg Plie Lys Phe Pro Ser Trp Phe Asp Ma 
225 230 235 240 



Arg Asn Trp Glu Lys Leu Tyr Ala Arg Tyr Tyr Pro Ala Pro lie Pro 
260 . 265 270 



<210> 85 
<211> 1318 
<312> DNA 

<213> Trypanosoma cruzi 
<400> 85 

ttttaatgat ggaattggca tgcagtttcc tctttaatta tatcaatata tcttattttt 60 
cttttttttt tcccgetctt taacgtaatt aaaatatctt tcttagcgcc gtgcttcccc 120 
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cgtttcttag 


attacttcta 


tgacttcatt 


tccctacttt 


gtttcttttt 


cttatataca 


130 


tatacatatg 


tgcatctaag 


attgggcatt 


tttecttcct 


tataaaagag 


cccacacaga 


240 


taattttaac 


agcatttttg 


aaaaataggt 


actggcgact 


tgccaagaag 


gagacgacag 


300 


ttataaacaa 


catgtcaggg 


gaggcaaatt 


atgaaaagcc 


ggacacctca 


aattggaagt 


360 


tagcagactt 


tgagatgggc 


gacacgttag 


ggacgggttc 


ttttggtcgc 


gtgcgcattg 


420 


ctaaactgaa 


gggcaccaat 


gactattatg 


cggtgaagtg 


cttgaagaag 


egggagattt 


460 


taaagatgaa 


gcaggtccaa 


cacataagcc 


aagaaaagca 


aattttaatg 


gagctttcac 


540 


acccgttcat 


tgtgaacatg 


atgtgttcct 


ttcaggatga 


tcgccgggtg 


tactttgtgt 


600 


tggagtttgt 


ggtgggcggg 


gagatgttta 


ctcaccttcg 


ctccgacggt 


cggtttccaa 


660 


acgatgtagc 


aaagttctac 


cacgcggaga 


ttgtgcttgc 


cttcgaatac 


ctgcactcga 


720 


aggacatcat 


ctacogtgac 


ctgaagccgg 


agaaccttct 


gctggacagc 


aagggccacg 


780 


tgaaggtgac 


tgactttggg 


tttgcgaaga 


aggtgccgga 


acgtaccttc 


acgctgtgtg 


840 


ggacaccgga 


gtaccttgcg 


cccgaggtga 


ttcagagcaa 


gggtcatggg 


aaggccgtgg 


900 


actggtggac 


gatgggcgtt 


cfcgctgtacg 


aatttattgc 


tgggtatccjt 


ccgttttacg 


960 


acgacacgoc 


gttccgcacg 


tacgagaaga 


tcctctctgg 


gcgcttcaag 


tttccgagtt 


1020 


ggtttgatgc 


gcgtgcgcgg 


gatcttgfcga 


aggggcttct 


gcaaacggac 


cacaegaagc 


1080 


gtaactggga 


gaagttgtat 


gcgcgatact 


acGctgcccc 


gatccctgtg 


aaggcaaaga 


1140 


gccctggcga 


cacgagtaac 


tttgagcgtt 


acQctgaaag 


ccaggaagat 


cgagcggtgc 


1200 


cgctaaccgo 


tacgcaacag 


gcggagttta 


ttgggttcta 


aacgttttta 


cttttataaa 


1260 


ctttttgaat 


gtactttttt 


tttttttttt 


aaattctgtg 


tatatattet 


fcettattg 


1318 



<210> 8S 

<211> 332 

<212> PRT 

<213> Lelshraania major 

<400> 85 



Met He Thr Lys Ala Glu Ala Ser Gin Trp Arg Leu Ser Asp Leu Glu 
15 10 15 



Met Arg Glu Thr Val Gly Hir Gly Thr Phe Gly Arg Val Arg Leu Val 
20 25 30 



Lys His Lys Gly Thr Gly Gin Tyr Ala Ala Leu Lys lie Leu Lys Lya 
35 40 45 



Gin Glu He Leu Arg Met Lys Gin Val Asp His Val Met Ala Glu Ala 
50 55 60 



Ser Leu Leu Gin Glu He Asp His Pro Phe He Val Ser Met Leu Arg 
65 70 75 80 
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Gly Tyr Met Asp Lya Asn Arg Leu Tyr He Leu Leu Glu Tyr Val Val 



Gly Gly Glu Leu Phe Se'r His Leu Arg Lys Ala Gly Lys Phe Pro Asn 
100 105 110 

Asp Val Ser Lys Phe Tyr Cys Ala Glu Val lie Leu Ala Phe Asp Tyr 
115 120 125 

Leu His Asn Lys Thr lie Val Tyr Arg Asp Leu Lys Pro Glu Asn He 
130 135 140 

Leu Leu Asp Gin Asp Gly Asn He Lys lie Thr Asp Phe Gly Phe Ala 
145 150 155 160 

Lys Arg Val Thr Glu Arg Thr Phe Thr Leu Cys Gly Thr Pro Glu Tyr 
165 170 175 

Leu Ala Pro Glu He He Gin Ser Lys Gly His Asn Lys Ala Val Asp 
180 IBS 190 

Trp Trp Ala Leu Gly He Leu Leu Tyr Glu Met Leu Val Gly Tyr Pro 

195 200 205 

Pro Phe Phe Asp Asp Ser Pro Met Lys He Tyr Glu Lys He Leu Val 
210 215 220 

Gly Lys Val Leu Phe Pro Arg Trp Val Asp Ser Lys Ala Arg Asp Phe 
225 230 235 240 

He Lys Gly Leu Leu Ser Leu Asp Pro Thr Lys Arg Leu Gly Asn Leu 
245 250 255 

Pro Asn Gly Thr Glu Asp He Lys Asn His Lys Tyr Phe Ala Glu Val 
260 265 270 



Arg Gin His Lys Glu Gly Asp Thr His Tyr Phe Asp Lys Tyr Pro Asp 
290 295 300 

Ser Pro Leu Asn Pro Leu Arg Thr Leu Thr Pro Ala Gin Gin Asp Cys 
310 

Phe Ala Asn Phe Cys Asn Gly Gin Tyr Thr Asp Glu 
325 330 

<210> 87 
<211> 3461 
<212> DNA 
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<213> Leishmania major 
<400> 87 

ttttgtcacc gccttgctct cotacaagcg cccgcagcag geaaaacagt atatttcgcg 60 

tattccaaag atcgagacgc ggatggaata ctacgtgctc tgcagcgact ggttcggtgc 120 

aggtgccgac tgcaagcgga gcaacgaccc cgatttgcta gcgcagctga aggaccgcgc 180 

caaagggaat ccagatgcac tgcgtcagat cgaagagggc tggaacacac tgccccacac 240 

gtcaggcatc agctttecca agttctttta gcatcacgtc tttacacgga agcgagcaga 300 

aatggcagac aacttcctcc tccgggtacc acgactatcg actcctcttt ctgfcttttcc 360 

atcjtcttcct ttgcaaggtg acctcgagtg catttcgttg ctgctaacaa aaaagctcta 420 

gcgatgcgcc ggcgacgtgc tgtatttgct atatcttcat cacaggagtg gcatttctgg 480 

cctgtggtgc gccgcaacag agacagtttc ctgtgtcatg ttcatctccc agcagaggtt 540 

gcgttgcgat tctcgttggg caaggtaggg cgccggcata tgcatagggg gtgggttgtg 600 

cacgtcgtgt gttgttgtcg tccttcgttc tcccgtgeca tcgaccggga gtgaacgaaa 660 

aaaaacgagg caccaagtgg aggtgcaggc ttgccgcgtt ttttttcgtt actcttccca 720 

aagcgcacgc gaaccgcgtt gctatctctc ttagccatca cgtgtcctag gtgtgttgaa 7 BO 

caacaagttc gcgaggcttg catgtggggc! tttcttttga tcatgcaatc atgtccactg 840 

tccaccacac actccagctc tcttctattt ccgtcctcgt ctgtttcgce ctctccgtgg 900 

gcctctggta ccccecaata aagctgtacg aactcctcat gcataggcga ggacgggtga 960 

aacaaaccac gcaaacagga tcgagttaaa aaggeacagc tgtacgcctc tttcctctcc 1020 

ttttctccoe cattcgtgtt cttgcagcta caaaagactc tgcttcatac acattcagtg 1080 

agggtgacca gctgtcgggc gcacacfcctg tcagagagag agagagagat ccaaattatc 1140 

cgccgttgtc tgccgttctc gcgccctgga cattgtgttc cttttgctca gtcatatcct 1200 

taccagtcat aatagaacac catgatcacc aaggccgaag cttcccaatg gaggctgagc 1260 

gacttggaga tgcgtgagac ggtcggcacc ggcactttcg gccgagtacg cttggtgaag 1320 

cacaaaggaa caggccagta cgcggccctc aagatcctga agaagcagga gattctccga 1380 

atgaagcagg tcgaccacgt gatggcggag gcaagtcttc tccaggagat cgaccaccct 1440 

tttattgtga gcatgctgcg gggatacatg gacaagaacc ggctgtacat tctcctcgag 1500 

tacgtggtag gcggcgagct gttttcgcat ctccgcaagg ccggcaagtt ccctaatgat 1560 

gtctcgaagt tctactgcgc cgaggtgatc ctagcatttg actacctgca caacaagacg 162 0 

atcgtttacc gtgatctgaa gccggagaac attctccfccg accaggacgg caacataaag 1680 

atcacggatt tcggattcgc gaagcgcgtg acggagcgta cgtttacgct ttgtggcaca 1740 

cccgagtacc tagcacccga gatcattcag agcaaggggc acaacaaggc tgtcgactgg 18 00 

tgggcgctcg gcatcctget gtacgaaatg ctggttggct atccgccgtt cttcgacgac 1860 

agcccaatga agatctacga gaagatcctt gtgggcaagg tgctgttccc acgatgggta 1920 

gactcgaagg cccgagactt catcaagggc cttctatccc tcgatcccac gaagcgcctc 1980 
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ggcaatttgc 


ccaaoggcac 


ggaggacatc 


aagaaccaca 


agtaetttgc ggaagtggac 


2040 


tggaatgtag 


tgctgtccaa 


gaagattccc 


gcgccaatCG 


cagtgcggca acacaaggag 


2100 


ggcgataccc 


actacttcga 


caagtacccc 


gacagcccac 


tcaacccttt gcgcactttg 


2160 


actccagcac 


agcaggactg 


cttcgccaac 


ttctgcaacg 


gccagfcatac ggacgagtag 


2220 


catcccgttt 


ctgcctccaa 


ggttatgaag 


tgcggagggg 


ggggagcgac gagcacgtgt 


2280 


agacctttC3t 


cacacgctta 


gttgtgtttc 


Gcgcctccte 


ofctagcggcg ttggtgcgcg 


2340 


cgaacgcgac 


acggatgccg 


ctaagcatct 


Gccctaagce 


ttcgggggaa gtcgctttgc 


2400 


ctgcacgttc 


ctctgcaacc 


gccgttgctc 


tgtcttcatg 


ttcagactgt ttattttttc 


2460 


tttgttttgt 


gccctttcca 


cgctcgatgc 


gttttcggca 


gacgcgcagt ggagagggtg 


2520 


tagtgcgtgc 


gggtcgcacg 


gcgatttctc 


gccttcacga 


tgtatgtata ggcgtttcag 


2580 


agctcttaag 


tgtaatgttg 


acgaacgcgc 


aagcacaatg 


tatbabaaaa gacacataca 


2640 


caaagagagg 


ttattgtgga 


ttgtgatctc 


gaagggttgg 


cgtcggggtc gatggtattt 


2700 


ttagtttttt 


gtttttctgc 


ctttcattcg 


aagtcggctc 


tgattccttt taggcaggca 


2760 


agtaggcggg 


atgctgcgtt 


ctcaatgatc 


catgtaegcg 


caacgcaaag ccagtagagg 


2820 


gatcgatacc 


atggctttcg 


tccgctgatc 


tttacacagt 


ctccctttfct gtttctccgg 


2880 


cgaccttccc 


acctttcatg 


tgtgccccct 


ttttcacttt 


cttttgatga gaaggagctt 


2940 


tcctctgagc 


cctctttcac 


ctttcctgtfc 


tccctccgct 


gccgctggat gaaaggtctg 


3000 


tgtgtctgtt 


cgtgatggca 


agaggaaagg 


agcacaagat 


gcggaaaagg gcagagttgg 


3060 


atgtgacggg 


cagtgaaaag 


acgtgagagg 


ccgctgccgc 


agcttttgct ctcgacgatg 


3120 


tagctgtagc 


oacgttgatg 


gatatcttgt 


agagcggcta 


tataagtcaa acgctggagg 


3180 


ggggggggaa 


ctgatggggc 


tgcctGtctg 


tctccacttt 


tggaccttgc ttctcctgat 


3240 


ttcatccctc 


ctggaatcaa 


cttggaattg 


acacacatca 


acatactcat ttgattttag 


3300 


gtgctgccct 


tctcctgtgt 


cctctctcct 


ccacaaatga 


ttataaaaaa taaggcgtgc 


3360 


ctgctgtcat 


cagaaaaacg 


aacggaaaaa 


aggaaatcca 


catcaatgca oactctcgag 


3420 


actgcgggag 


tgagttttat 


gtgtggtcgc 


gcattagaac 




34S1 



<210> 88 
<211> 359 
<212> PRT 

<213> Giardia intestinalis 
<400> 88 

Met Glu Asp lie Gin Val Glu Ala Tyr Pro Qlu Leu Ser Tyr Lys Asp 
15 10 15 

Leu Arg His lie Lys Asn He Gly Ser Gly Ser Phe Gly Arg Val Thr 
20 25 30 
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Leu Ala Gin His He Asp Thr C3ly Lys Tyr Tyr Ala Val Lys Ala Met 
35 40 45 

Ser Lys Arg Lys He He Ala Leu Arg Gin Val Ala His He Asn Asn 
50 55 60 

aiu Cys Ser He Leu Arg Val Val Arg Ser Pro Phe He He Arg Gin 
65 70 75 80 

Tyr Gly Thr Tyr Gin Asp Asp Lys Asn Val Tyr He He Leu Asp Plie 



He Gin Gly Gly Glu Leu Phe Tyr His Leu Arg Arg Tyr Asn Lys Phe 
100 105 110 

Pro Leu Gin Val Val Lys Phe Phe Ala Val Olu He Leu Leu Ala Leu 
lis 120 125 

Gly Tyr Leu His Asn Leu Gly He Ala Tyr Arg Asp Leu Lys Leu Glu 
130 135 140 

Asn Val Leu Val Asp Asn Tlir Gly His He Lys Leu Ala Asp Leu Gly 
145 150 155 160 

Phe Ala Lys Arg Leu Val Glu Lys Asn Ala Asp Gly Asp Thr Val Ser 
165 170 175 

Gin Leu Thr Phe Ser He Val Gly Thr Pro Glu Tyr Leu Ala Pro Glu 
130 185 190 

He He Arg Ser Thr Gly His Asp Met Ser Ala Asp Trp Trp Ala Phe 
195 200 205 

Gly Val Leu He Tyr Glu Met Leu Thr Gly Ser Pro Pro Phe Phe Asp 
210 21S 220 

Asp Asn Pro Asp Met Thr Cys Lys Lys He Leu Gly Gly Lys He Thr 
225 230 235 240 

Phe Ala Ser Gly Phe Asp Lys Ala Ala Lys Asp Leu He He Arg Leu 
245 250 255 

Leu ABU Pro Asp Lys Thr Arg Arg Leu Gly Ala Ser He Asn Asn Gly 
260 265 270 

Thr Ala Asp He Met Lys His Ala Phe Phe Ser Gly Val Asn Cys Leu 
275 280 285 

Gly Leu Arg Lys Lys Ser Gly Arg His Pro He Val Pro Lys Leu Thr 
290 295 300 
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Asp Pro Ala Asp Thr Ala Asn Tyr Glu Asp Tyr Leu Asp Glu Asn Gly 
305 310 315 320 

Asn Phe Glu Glu Asp Glu He Asp Tyr Glu Asn Leu flrg Ser Asp Ala 
325 330 335 

Ala Glu Leu Gly Leu Ala Glu He Pro Gly Thr Gin Glu Qlu Lys Asp 
340 345 350 

Ala Leu Phe Val Gly Phe Lys 
355 

<210> 89 

<2X1> 1307 

<212> D3srA 

<213> Giardia intestinalis 



<400> 89 



gcaegagctc 


tgctcatgga 


agatattcaa 


gtagaagcgt 


atccagagct 


atcttacaag 


60 


gatctcaggc 


atataaagaa 


tattggttcg 


ggatccttcg 


gcagggtcac 


tcttgcacag 


120 


caoattgaca 


caggaaagta 


ctacgccgtg 


aaggcaatgt 


Gcaagcggaa gattattgcc 


180 


cttcggcagg 


ttgctcacat 


taacaacgag 


tgtagtatct 


tgcgtgtcgt 


gaggtctccg 


240 


tttatcatta 


ggcagtatgg 


aacctatcag 


gacgacaaga 


atgtatacat 


catcctggac 


300 


ttcatccagg 


gcggcgagct 


tttctatcac 


ctacgcagat 


ataacaaatt 


tccactccaa 


360 


gttgttaagt 


tGtttgccgt 


cgagatcctc 


ctggcattgg 


ggtatttaca taatctgggc 


420 


atcgcctatc 


gtgatcfcgaa 


gctagagaac 


gtcctcgttg 


acaacacagg 


ccatataaag 


480 


cttgctgatc 


tggggtttgc 


taagcgcctg 


gtcgagaaga 


atgcagacgg ggatacggtg 


540 


tcceaactta 


ctttcagtat 


cgtgggcacc 


ccagaatact 


tggcccccga 


aattatccga 


600 


tcgaccgggc 


acgatatgtc 


tgcagattgg 


tgggccttcg 


gcgtcctcat 


atatgagatg 


660 


ctaacagggt 


ctccgccctt 


cttcgatgac 


aatcctgata 


tgacctgtaa 


gaagatcctt 


720 


gggggaaaga 


taacttttgc 


aagtgggttt 


gacaaggcag 


cgaaggacct gattatccgc 


760 


ttactcaacc 


ctgacaaaac 


aaggagattg 


ggggcatcta 


taaacaacgg 


cacggcagac 


840 


attatgaagc 


acgcattctt 


ctcaggggtc 


aattgtcttg 


gtttgagaaa 


aaagtcggga 


900 


aggcaccGca 


ttgtccctaa 


gctcacagac 


cctgccgaca 


ccgccaatta 


tgaagactat 


960 


ctcgatgaga 


atggtaactt 


tgaagaggac 


gagat-.cgact 


acgagaatct 


acggagcgat 


1020 


gcggccgagc 


tgggoctggc 


agagatacct 


gggactcagg 


aagaaaaaga 


cgcGCtgttt 


1030 


gtgggattta 


aataggtgcg 


tgacccttga 


cataaaacaa 


aaccctacct 


tacttattaa 


1140 


tcactcctta 


ctccttttgc 


tccctacgtt 


ctfcttctggc 


cgccttttgt 


ctagtggatc 


1200 


gagagggtcc 


aggctaatat 


taacagcact 


tatcatctga 


tacagatgag cacgctgccfc 


1260 


tctttgaaca 


tgtaaaccga 


gactaaaaaa 


aaaaaaaaaa 


aaaaaaa 




1307 
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<210> 90 

<211> 333 

<212> DNA 

<213> Tricb-inella spiralis 



<220> 

<221> misc_feature 

<223> (8) . . (8) 

<223> n is a, c, g, or t 

<220> 

<221> misc feature 

<222> (23)7. (23) 

<223> n is a, c, g, or t 

<220> 

<221> raisc_feature 

<222> (32) . . (32) 

<223> n is a, c, g, or t 

<220> 

<221> misc_feature 

<222> (48).. (48) 

<223> n IB a, c, g, or t 

<220> 

<221> misc_feature 

<222> (59) . . (59) 

<223> n IB a, c, g, or t 

<400> 90 

caatttgncg aaatggcggt agnctgatat anaaaaatca caagtggntt ttctagcanc 60 

cgattggatt gccgtgtatc agcggaagat cgaagctcca cttgtagcaa agtgtgcgac 120 

atccgggcga cacttagcaa tgtttgacga aatacgaaga agaagcgttg cacatttcac 180 

cggtggacaa atgtgtcaaa gaatttgctg atttttgaat ttatagactc gccgtggatt 240 

tcaaatcttt tttgttagtc gtcgtattaa aaacagaaaa atattaataa taataataat 300 

aagacaaaga gaggcaaatt cattttgcgg act 333 



<210> 91 

<211> 351 

<212> PRT 

<213> Homo sapiens 

<400> 91 

Met Gly Asn. Ala Ala Ala Ala Lys Lys Gly Ser Glu Gin Glu Ser Val 
15 10 15 



Lys Glu Phe Leu Ala Lys Ala Lys Glu ABp Phe Leu Lys Lys Trp Glu 
20 25 30 



Ser Pro Ala Gin Asn Tbr Ala His Leu Asp Gin Phe Glu Arg lie Lys 
35 40 45 



Thr Leu Gly Thr Gly Ser Phe Gly Arg Val Met Leu Val Lys His Lys 
50 55 SO 
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Glu Thr Gly Asn His Tyr Ala Met Lys lie Leu Asp Lys Gin Lys Val 
^5 70 75 80 

Val Lys Leu Lys Gin lie Glu His Thr Leu Asn Glu Lys Arg lie Leu 



Gin Ala Val Asn Phe Pro Phe Leu Val Lys Leu Glu Phe ser Phe Lys 
100 105 110 

Asp Aan Ser Asn Leu Tyr Met Val Met Glu Tyr Val Pro Gly Gly Glu 
115 120 125 

•Met Phe Ser His Leu Arg Arg lie Gly Arg Phe Ser Glu Pro His Ala 
130 135 140 

Arg Phe Tyr Ala Ala Gin lie Val Leu Thr Phe Glu Tyr Leu Hla Ser 
145 150 155 160 

Leu Asp Leu lie Tyr Arg Asp Leu Lys Pro Glu Asn Leu Leu lie Asp 
165 170 175 

Gin Gin Gly Tyr lie Gin Val Thr Asp Phe Gly Phe Ala Lys Arg Val 
180 185 190 

Lys Gly Arg Thr Trp Thr Leu Cys Gly Thr Pro Glu Tyr Leu Ala Pro 
195 200 205 

Glu lie lie Leu Ser Lys Gly Tyr Asn Lys Ala Val Asp Trp Trp Ala 
210 215 220 

Leu Gly Val Leu He Tyr Glu Met Ala Ala Gly Tyr Pro Pro Phe Phe 
225 230 235 240 

Ala Asp Gin Pro He Gin He Tyr Glu Lys He Val Ser Gly Lys Val 
245 250 355 

Arg Phe Pro Ser His Phe Ser Ser Asp Leu Lys Asp Leu Leu Arg Asn 
260 265 270 

Leu Leu Gin Val Asp Leu Thr Lys Arg Phe Gly Asn Leu Lys Asn Gly 
275 280 285 

Val Asn Asp He Lys Asn His Lys Trp Phe Ala Thr Thr Asp Trp He 
290 295 300 

Ala He Tyr Gin Arg Lys Val Glu Ala Pro Phe He Pro Lys Phe Lys 
305 310 315 320 

Gly Pro Gly Asp Thr Ser Asn Phe Asp Asp Tyr Glu Glu Glu Glu He 
325 330 335 
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Arg Val Ser lie Asn Glu Lys Cys Gly Lys Glu Phe Ser Glu Phe 
340 345 350 

<210> 92 

<211> 2685 

<212> DNA 

<213> Homo sapiens 

<400> 32 

tcgggctgag gttcccgggc gggcgggcgc ggagagacgc gggaagcagg ggctgggcgg 60 

gggtcgoggc gccgcagcta gcgoagccag cccgagggcc gccgccgccg ccgcccagcg 120 

cgctccgggg ccgccggccg cagceagcac ccgccgcgcc gcagctccgg gaccggcccc 180 

ggccgccgcc gccgcgatgg gcaacgccgc cgccgccaag aagggcagcg agcaggagag 240 

cgtgaaagaa ttcttagcca aagccaaaga agattttctt aaaaaatggg aaagtcccgc 300 

tcagaacaca gcccacttgg atcagtttga acgaatcaag accctcggca cgggetcctt 360 

cgggcgggtg atgctggtga aacacaagga gaccgggaac eactatgcca tgaagatcct 420 

cgacaaacag aaggtggtga aactgaaaca gatcgaacac accctgaatg aaaagcgcat 480 

cotgcaagct gtcaactttc cgttcctcgt caaactcgag ttctccttca aggacaactc 540 

aaacttatac atggtcatgg agtacgtgcc cggcggggag atgttctcac acctacggcg SOO 

gatcggaagg ttcagtgagc cccatgcecg tttctacgcg gcccagatcg tcctgacctt 660 

tgagtatctg cactcgctgg atctcatct^ cagggacctg aagccggaga atctgctcat 720 

tgaccagcag ggctacattc aggtgacaga cttcggtttc gccaagcgcg tgaagggccg 780 

cacttggacc ttgtgcggca cccctgagta cctggcccct gagattatcc tgagcaaagg 840 

ctacaaoaag gccgtggact ggtgggccct gggggttctt atctatgaaa tggccgctgg 900 

ctacccigacG ttcttcgcag accagcccat ccagatctat gagaagatcg tctctgggaa 960 

ggtgcgcttc ccttcccact tcagctctga cttgaaggac ctgctgcgga acctcctgca 1020 

ggtagatctc accaagcgct ttgggaacct caagaatggg gtcaacgata tcaagaacca 1080 

caagtggttt gccacaactg actggattgc catctaccag aggaaggtgg aagctccctt 1140 

cataccaaag tttaaaggcc ctggggatac gagtaacttt gacgactatg aggaagaaga 1200 

aatccgggtc tccatcaatg agaagtgtgg caaggagttt tctgagtttt aggggcatgc 1260 

ctgtgccGCG atgggttttc ttttttcttt tttctttttt ttggtcgggg gggtgggagg 132 0 

gttggattga acagccagag ggccccagag ttccttgcat ctaatttcac ccccacccca 1380 

ccctccaggg ttagggggag caggaagccc agataatcag agggacagaa acaccagctg 1440 

ctccGcctca tccccttcac cctcctgccc cctctcccac ttttcccttc ctctttcccc 150 0 

acagcccccc agcccctcag ccctcccagc ccacttctgc ctgttttaaa cgagtttctc 1560 

aactccagtc agaccaggtc ttgctggtgt atccagggac agggtatgga aagaggggct 1620 

cacgcttaac tccagccccc acccacaccc ccatcccacc caaccacagg ccccacttgc 1680 

taagggcaaa tgaacgaagc gccaaccttc ctttcggagt aatcctgcct gggaaggaga 1740 
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gatttttagt 


gacatgttca 


gtgggttgct 


tgctagaatt 


tttttaaaaa aaeaacaatt 


1800 


taaaatctta 


tttaagttcc 


accagtgcct 


GGCtCCCtCC 


ttcctctact cccacccctc 


1860 


ccatgtcccc 


ccattcctca 


aatccatttt 


aaagagaagc 


agactgactt tggaaaggga 


1920 


ggcgctgggg 


tttgaacctc 


cccgctgcta 


atctcccctg 


ggcGCctccc cggggaatcc 


1980 


tctctgccaa 


tcctgcgagg 


gtctaggccc 


ctttaggaag 


cctccgctct ctttttcccc 


2040 


aacagacctg 


tcttcaccct 


tgggctttga 


aagccagaca 


aagcagctgc cGctctccct 


2100 


gccaaagagg 


agtcatcccc 


caaaaagaca 


gagggggagc 


cccaagccGa agtctttcct 


2160 


cccagcagcg 


fcttcccccca 


actccttaat 


tttattctcc 


gctagatttt aacgtccagc 


2220 


cttccctcag 


ctgagtgggg 


agg^catccc 


tgcaaaaggg 


aacagaagag gccaagtccc 


2280 


cccaagccac 


ggcccggggt 


tcaaggctag 


agctgctggg 


gaggggctgc ctgttttact 


2340 


cacccaccag 


cttccgcctc 


ccccatcctg 


ggcgcccctc 


ctccagctta gctgtcagct 


2400 


gtccatcacc 


tctcccccac 


tttctcattt 


gtgctttttt 


ctctcgtaat agaaaagtgg 


2460 


ggagccgctg 


gggagccacc 


Gcattcatcc 


ccgtatttcc 


ccctctcata acttctcccc 


2520 


atcccaggag 


gagttctcag 


gcctggggtg 


gggccccggg 


tgggtgcggg ggcgattcaa 


2580 


cctgtgtgct 


gcgaaggacg 'agacttcctc 


ttgaacagtg 


tgctgttgta aacatatttg 


2640 


aaaactatta 


ccaataaagt 


tttgtttaaa 


aaaaaaaaaa 


aaaaa 


2685 


<210> 93 
<211> 7 
<212> PRT 
<213> Mus 


mus cuius 











<400> 93 

Met Ala Ser Ser Ser Ran Asp 
1 S 



<210> 94 
<211> 912 
<212> DNA 
<213> Mus 


musculus 










<400> 94 
ccaagagggt 


cttcccaggc 


agctttgcct 


tttgcccagt 


caggccaaca gaagtttgaa 


60 


gggttctatc 


tgcccctacc 


ctgcacccat 


tagtctgcag 


gttgagtttc tcttcctgtt 


120 


cccaccctafc 


cactccctgg 


ctccctctac 


aggcagggct 


cccccccagg actggcagcc 


180 


aaactgctgc 


agcagatctt 


atgaggcttc 


cgagccaccg 


taatgctagt gccctgagaa 


240 


agactgagtg 


atggcttcca 


gctccaacga 


tggtgaggct 


gagccctgtt gttatagcaa 


300 


cttcctagac 


actgtctgcc 


ccttaagtca 


gggagggget 


gtgatggggg ctgaggggag 


360 


caggtggaga 


gaaggagtct 


gtggaccctt 


aagtatccct 


ggaaatgcct ccattcctaa 


420 


aatcctgggc 


tagaaaacct 


gaggaagaag 


aacaggggga 


tgaatggtcc atttcagacc 


480 


aaagcagatg 


gtctacccgg 


agtagggctc 


cagctgggac 


aggggatgga gtagtGGcac 


540 
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ccagctttgg gattcagace agaagaaaga taggtccacc ttagacctgg gtacagtaga 600 

gtttgcttga taccctgaac cctgcctgga gatagaggga acctagtgtt gggggggtcc 660 

Gcctcaaact gggggtatag tgcagtacac tcttgcctgc tgctgtgacc ccatatctga 720 

atccaaggtg atttccatgt ettgccgtgg cactggcttt cctagaggtg tctggagttt 780 

togtagcaca tcaaatccag agagtggagg ccaatagcac cetttcettt caaatgagag 840 

acatgggctc taccggctag cagcttaggc tatc3ctc3tct gtccacttcc tgttggtggc 300 

aggcgtccat gg 912 

<210> 95 

<2ia> 31 

<312> PRT 

<213> Homo sapiens 

<400> 95 

Met Ala Ser Asn Ser Ser Asp Val Lys Glu phe Leu Ala Lys Ala Lys 
15 10 15 

Glu Asp Phe Leu Lys Lys Trp Glu Ber Pro Ala Gin Asn Thr Ala 
20 25 30 

<210> 96 

<211> 120 

<212> DNA 

<213> Homo sapiens 

<400> 95 

ggtgccctga gaacaggact gagtgatggc ttccaactcc agcgatgtga aagaattctt 60 
agccaaagac aaagaagatt ttcttaaaaa atgggaaagt cccgctcaga acacagccca 120 

<210> 97 

<211> 472 
<2X2> PRT 

<213> Blumeria graminis 
<400> 97 

Met Pro Thr Phe Gly Phe Leu Lys Lys Arg Lys Lys Val Ser Leu Gly 
15 10 15 

His Arg Asp Leu Asp Ser Pro Ala Ser Thr Leu Ser Gin Pro Ala Ser 
20 25 30 

Pro He Thr Pro Ser Thr Ser Arg Gly Leu Gly Glu Pro He Asp Thr 
35 40 45 

Thr Ser Ser Lys He Thr Ser Pro Gly Gin Lys Leu Gly Ser Asn He 



Thr Lys Asp His Arg Gly Thr Arg Thr Thr Val Glu Asp Leu Pro Ser 
65 70 75 80 
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Met Thr Asp Val Ser Hie Leu Gin Gin Ala Tyr Arg Asn Leu Ser Gin 



Gly Ser Thr Ala Ser Lys Ser Asn Leu Leu Thr lie His Asn Leu lie 
XOO 105 110 

Asn Pro Pro Gin His Asp Gly Ala Gly Gin Ser Lys Val Met Pro Glu 
115 120 125 

Lys His Met Asn Asn Lys Thr Glu Arg Pro Val Gin Gly Lye Ala Ala 
130 135 140 



Val Ala Gin Val Arg Gin Thr Lys Gly Lys Tyr Ser Leu Ser Asp Phe 
145 150 155 160 

Glu He Leu Arg Thr Leu Gly Thr Gly Ser Phe Gly Arg Val His Leu 
165 170 175 

Val Gin Ser Lys His Asn Gin Arg Phe Tyr Ala Val Lys Val Leu Lys 
180 185 190 

Lys Gin Gin Val Val Lys Met Lys Gin Val Glu His Thr Asn Asp Glu 
195 200 205 

Arg Ser Met Leu Gin Glu Val Lys His Pro Phe Leu lie Thr Leu Trp 
210 215 220 

Gly Thr Phe Gin Asp Ser Lys Asn Leu Tyr Met Val Met Asp Phe Val 
225 230 235 240 

Glu Gly Gly Glu Leu Phe Ser Leu Leu Arg Lys Ser Gin Arg Phe Pro 
245 250 255 

Asn Pro Val Ala Lys Phe Tyr Ala Ala Glu Val Thr Leu Ala Leu Glu 
2S0 265 270 

Tyr Leu His Lys Lys Asp He He Tyr Arg Asp Leu Lys Pro Glu Asn 
275 280 285 

Leu Leu Leu Asp Arg His Gly His Leu Lys He Thr Asp Phe Gly Phe 
290 295 300 

Ala Lys Lys Val Thr Asp He Thr Trp Thr Leu Cys Gly Thr Pro Asp 
305 310 315 320 

Tyr Leu Ala Pro Glu Val Val Ser Ser Lys Gly Tyr Asn Lys Ser Val 
325 330 335 

Asp Trp Arg Trp Ser Leu Gly He Leu He Phe Glu Met Leu Cys Gly 
340 345 350 
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Tyr Thr Pro Phe Txp Asp Asn Gly Ser Pro Met Lye He Tyr Glu Asn 
355 360 365 

He Leu Lys Gly Arg Val Lys Tyr Pro Pro Tyr He His Pro Asp Ala 
370 375 380 

Gin Asp Leu He Gin Arg Leu He Thr Ala Asp Leu Thr hys Arg Leu 
385 390 395 400 

Gly Asn Leu His Gly Gly Ala Glu Gly He Lys Ser His Gin Trp Phe 
405 410 415 

Ala Glu Val Thr Trp Glu Arg Leu Ala Lys Lys Asp He Asp Ala Pro 
420 425 430 

T/r Val Pro Pro Val Lys Ala Gly Ser Gly Asp Ala Ser Gin Phe Asp 
435 440 44S 

Lys Tyr Pro Glu Glu Thr Glu Arg Tyr Gly Gin Thr Gly Pro Asp Glu 
450 455 460 

His Gly Ser Leu Phe Glu Abu Phe 
465 470 

<210> 96 
<211> 1573 
<212> DUA 

<213> Blumeria graminis 
<400> 98 

atgccgacat ttggattttt gaagaagcgg aaaaaggtgt cattgggtca cagggacctt 60 
gattctcctg cttcgacact tagtcaacct getagtccga ttaccccatc taccfccccga 120 
ggtctcggtg aacccattga tacaacttca tcgaaaatca cgtcgcctgg ecaaaaactc 
ggttctaaca tcacaaaaga tcatcgggga acacgaacta ctgtggagga tttaccttcg 
atgacagacg tatcacatct ccaaaaagct taccgaaact tatcacaggg atctacagca 3 00 
agtaaaagca accttctaac cattcataac ctcatcaatc ccccgcagca cgacggggca 360 
ggtcagtcaa aagtcatgcc agaaaaacac atgaacaata aaaccgaacg cccagttcag 420 
ggcaaagcag cagtggctca agtcagacag actaagggga agtactcgtt gagcgatttt 480 
gaaatattgc gtactcttgg gacaggtagt ttcggtaggg ttcatctggt tcaatcaaag 540 
cataatcaaa ggttttacgc cgtgaaagta ttgaaaaagc agcaagtagt aaaaatgaag 600 
eaagtagagc atacaaatga cgaacgaagc atgttacaag aagtcaagca tcctttcctg 660 
ataactttat ggggaacttt ccaagattca aaaaatctat atatggttat ggatttcgtc 720 
gaaggtggcg aactcttttc tctattgcga aaatcgcagg tataataaca accctcagat 780 
tctatggaag tatctgctaa ttttccaagc gattcccaaa tccagtggcc aagttttacg 840 
ccgctgaagt cacattagct ctcgaatacc tgcacaaaaa agacattatt tatcgagatt 900 



IBO 
240 
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gaatttac tt 


ctcgatcgtc acggacatct aaagattact gattttgggt 


960 


ttgcaaagaa 


ggtaactgat 


atcacatgga cactctgtgg tacacoagat tacttagcgc 


1020 




ttcgagtaaa 


ggctataata aatcagtcga ttggfcgagtc ccactttaag 


1080 




get c cgtct a 


atatatacat gaggtggtcg ctaggcatat taatattcga 


1140 




ggctatacgc 


ccttctggga taatggctca ccaatgaaaa tttatgaaaa 


1200 


tattctcaag 


ggtcgcgtca 


agtaccctcG atatattcac ccagatgcac aagatctcat 


12S0 


icaacgactt 


ataactgccg 


atcttaccaa gcggttagga aatctacatg gtggtgctga 


1320 


aggaattaaa 


agcaaccagt 


ggtttgctga agtaaeetgg gaaagattag cgaaaaaaga 


1380 


catagatgca 


ccatatgtgc 


caccggtcaa ggcagggtct ggtgatgcaa gtcagtttga 


1440 


caaatatcct 


gaagagacgg 


aacggtacgg gcagacagga ceagacgaag ttttgttccc 


1500 


cgtaaatcac 


aacagcttat 


atttgggttt actgacaaag cttagacacg gaagcttgtt 


1560 


tgaaaacttc 


tga 




1573 



<210> 99 

<211> 360 

•;212> PRT 

<213> Homo sapiens 

.<400> 99 

Met Ala Ala Pro Ala Ala Ala Thr Ala Met Gly Asn Ala Pro Ala Lys 

15 10 15 



Lys Asp Thr Glu Gin Glu Glu Ser Val Asn Glu phe Leu Ala Lys Ala 
20 25 30 



Arg Gly Asp Phe Leu Tyr Arg Trp Gly Aan Pro Ala Oln Aen Thr Ala 
35 40 45 



Ser Ser Asp Gin Phe Glu Arg Leu Arg Thr Leu Gly Met Gly Ser Phe 
50 55 so 



Gly Arg Val Met Leu Val Arg His Sin Glu Thr Gly Giy His Tyr Ala 
65 70 75 80 



Met Lys lie Leu Asn Lys eln Lys Val Val Lys Met Lys Gin Val Glu 
85 90 95 



His lie Leu Asn Glu Lys Arg lie Leu Gin Ala lie Asp Phe Pro Phe 
100 105 110 



Lgu Val Lys Leu Gin Phe Ser Phe Lys Asp Aen Ser Tyr Leu Tyr Leu 
120 125 



Val Met Glu Tyr Val Pro Gly Gly Qlu Met Phe Ser Arg Leu Gin Arg 
130 135 140 
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Val Gly Arg Phe Ser Qlu Pro His Ala Cys Phe Tyr Ala Ala Gin Val 
145 150 155 160 

Val lieu Ala Val Gin Tyr Leu His Ser Leu Asp Leu lie His Arg Asp 
165 170 175 

Leu Lys Pro Qlu Asn Leu Leu lie Asp Gin Gin Gly Tyr Leu Gin Val 
180 185 190 



Cys Gly Thr Pro Glu Tyr Leu Ala Pro Glu lie lie Leu Ser Lys Gly 
210 215 220 

Tyr Asn Lye Ala Val Asp Trp Trp Ala Leu Gly Val Leu He Tyr Glu 
225 230 235 240 

Met Ala Val Gly Phe Pro Pro Plte Tytr Ala Asp Gin Pro He Gin He 
245 250 255 



Ser Asp Leu Lys Asp Leu Leu Arg Ser Leu Leu Gin Val Asp Leu Thr 
275 280 285 



Lys Trp Phe Ala Thr Thr Ser Trp He Ala He Tyr Glu Lys Lys Val 
305 310 315 320 



<210> 100 

<211> 1635 

<212> DNA 

<213> Homo sapiens 



cgcccccgcc aagaaggaca ccgagcagga ggagagcgtg aacgagttcc tagccaaagc 120 
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cagaggagat 


ttcctctaca 


gatggggaaa 


ccccgctcaa 


aacaccgcca 


gctcggatca 


180 


gttcgaacgg 


cfccaggacgc 


tgggcatggg 


ctccfctcggg 


cgggtgafcgc 


tggtgaggca 


240 


ccaggagacc 


ggcggccact 


acgccatgaa 


gatcctcaac 


aagcagaagg 


tggtgaagat 


300 


gaagcaggtc 


gagcacatac 


tgaacgagaa 


gcgcatcctg 


caggcgatcg 


actttccgtt 


360 


cctcgtcaag 


ctccagttct 


cctttaagga 


caactcctac 


ctgtacctgg 


tgatggagta 


420 


cgtgccgggt 


ggggagatgt 


tctcccgcct 


acagcgcgtc 


ggaaggttta 


gcgagcccca 


480 


tgcctgtttc 


taligccgccc 


aggtcgtcct 


ggccgtccag 


tacctacact 


cgctcgacct 


540 


catccaccgc 


gaccfcgaagc 


ccgagaatct 


cctcafccgac 


cagcagggct 


acctgcaggt 


600 


gacggacttc 


ggtttcgcca 


agcgcgtgaa 


gggccgcact 


tggaccttgt 


gcgggacccc 


660 


agagtacctg 


gcccccgaga 


tcatcctgag 


caaaggctac 


aaoaaggccg 


tggactggtg 


720 


ggccctaggg 


gtgctcatct 


atgagatggc 


cgtgggcttc 


Gcacccttct 


acgccgacca 


780 


gcccatccag 


atctacgaga 


agatcgtctc 


tgggagggtg 


cggtttccct 


ccaaactcag 


840 


ctctgacGtc 


aaggatctgc 


tgcggagcct 


gctgcaggtg 


gacctcaeca 


agcgcttcgg 


900 


aaacctcagg 


aacggggttg 


gcgacatcaa 


gaaccacaag 


tggttcgcca 


caaccagctg 


960 


gatcgccatc 


tatgagaaga 


aggtggaagc 


tcccttcatc 


ccgaagkaca 


caggccctgg 


1020 


ggatgccagt 


aactttgacg 


actacgagga 


ggaagagctc 


cggatctcca 


tcaatgagaa 


1080 


gfcgtgccaag 


gagttttctg 


agttttaggg 


gtgtgcttgt 


gcccctgtgg 


ttttctttcc 


1140 


tttttgtttt 


tggtggtttg 


ggggatggga 


gggttggatt 


gaacagccag 


agggccccag 


1200 


agttccttgt 


atctaatttc 


atcctcaccc 


acctccaggg 


ttgggggagc 


aggaagccca 


1260 


gatatttgga 


ggaacagaaa 


caccagctgc 


tccctcaccc 


ccccccatgc 


cttcctggta 


1320 


cctctgtgct 


tctctctttc 


tcctccacag 


gtcccccttg 


ccGcagcGcc 


cttctgcatg 


1380 


ttttaaacga 


gtttctcagc 


tctattcagg 


Gcaggtcttg 


ctgttgtate 


aagggacacg 


1440 


gtgtggaaag 


aggggctcaa 


acttaactcc 


agccctgaac 


aggcaccact 


tactaagaga 


1500 


ggatgaatga 


aaagcacacc 


taccctttgg 


cgtaatcctg 


cctgggaagg 


agagaggttt 


1560 


agtgccatgt 


tcagtgggct 


gtttgctaga 


ataaaaaatt 


aaaacaaaaa 


acaattaaaa 


1620 


tcttatttaa 


gttcc 










1635 



<210> 101 

<211> 337 

<212> PRT 

<213> Ascaris suum 

<400> 101 

Met Glu Asn Arg Glu Gin Glu Glu lie Glu Pro Cys Val Ser He Thr 
15 10 15 

He Asp Pro Asn Asn Asn Lys Leu Asn Val Asp Asp Phe Asp Arg He 
20 25 30 
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Cys Thr lie Gly Thr Gly Ser Phe Gly Arg Val Tyr Leu Val Gin His 
35 40 45 

Arg Ala Ser Glu Gin Tyr Phe Ala Leu Lys Lys Met Ala lie Arg Glu 
50 ' 55 60 

Val Val Ser Met Arg Gin Thr Glu His Val His Ser Glu Lye Arg Leu 
65 70 75 80 

Leu Ser Arg Leu Ser His Pro Phe lie Val Lyis Met Tyr Cya Ala Ser 



Trp Asp Lys Tyr Asn Leu Tyr Met Leu Phe Glu Tyr Leu Ala Gly Gly 
100 105 110 

Glu Leu Phe Ser Tyr Leu Arg Ala Ser Arg Thr Phe Ser Asn Ser Met 
115 120 125 

Ala Arg Phe Tyr Ala Ala Glu lie Val Cys Ala Leu Gin Tyr Leu Hie 
130 135 14,0 

Ser Lys Asn lie Ala Tyr Arg Asp Leu Lys Pro Glu Asn Leu Met Leu 
145 ISO 155 160 

Asn Lys Glu Gly His Leu Lys Met Thr Asp Phe Gly Phe Ala Lys Glu 
165 170 175 

Val lie Asp Arg Thr Trp Thr Met Cys Gly Thr Pro Glu Tyr Leu Ala 
130 185 190 

Pro. Glu Val He Gly Asn Lys Gly His Asp Thr Ala Val Asp Trp Trp 
193 200 205 

Ser Leu Gly Val Leu He Tyr Glu Met Mat He Gly He Pro Pro Phe 
210 215 220 ■ 

Arg Gly Lys Thr Leu Asp Glu He Tyr Glu Lys He He Leu Gly Lys 
225 230 235 240 

Leu Arg Phe Thr Arg Ser Phe Asp Leu Phe Ala Lys Asp Leu Val Lys 
245 250 255 



Gly Ala Ala Asp Val Met Asn His Lys Trp Phe Thr Asp He Asp Trp 
275 280 285 

Asp Asp Val Gin Asn Met Lys Leu Thr Pro Pro He He Pro Thr Leu 
290 295 300 
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Tyr Ser Asn Gly Asp Tlhr Gly Asn Phs Asp Ser Tyr Asp Glu Cys Ser 
305 310 315 320 

Asp Asp Glu He Ala Ala Pro Gin His Glu Leu Glu Leu Phe Glu Asp 
325 330 335 

Trp 

<:210> 102 
<211> 1336 
<212> DNA 
<213> AsGaris euum 

<400> 102 

ctgcagtctg tgacattccg ccgagagggt ttaattaccc aagtttgagc gcgacaccgg 60 

agtggtttaa gccttaaaga ggcaaattcg ccgatagttt tacgagcgat attttacgct 120 

atcatatcgg tgaattgtaa ttctcggcaa tggagaatcg agaacaagaa gaaattgaac ISO 

catgtgtttc aatcactatc gatccaaaca ataacaaact taacgtcgat gattttgatc 240 

gtatttgcaa tatcggaacg ggatcgtttg gtcgagtata tcttgtgcag catcgtgctt 300 

ctgagaaata ttttgcgctt aagaaaatgg ccattcgaga ggtggtctcg atgcgtcaaa 360 

ccgagcatgt ccactccgag aagagactgc tgtogcgtct ttcccatecc ttcatcgtta 420 

aaatgtattg cgcttcgtgg gacaaafcaca atctctacat gctattcgag tatctagcag 480 

gtggagagct gttctcatac ttgcgtgcct cgcgaacttt ctcgaactca atggctcgtt 540 

tctacgcagc tgaaattgtc tgcgcacttc aatacttaca ctegaaaaat atcgcttatc SOO 

gtgatttgaa accggaaaat ttaatgctaa ataaagaggg acatctcaaa atgactgatt 660 

tcggttfccgc aaaagaagtt attgacagaa catggacaat gtgtggtact ccggagtact 720 

tagcacctga ggtgatcggc aataaaggac acgatacagc ggtcgattgg tggtcattgg 780 

gtgttctcat ctatgagatg atgatcggta taccaccgtt tcgtggtaaa actcfctgacg 840 

agatctacga aaaaatcatt fctgggcaaac ttcgcttcac tcgctcgttt gatttatttg 900 

ctaaggatct tgtgaagaag ttgctacaag tggatcgtac acaacgatta gggaatcaga 960 

aggatggtgc agctgatgta atgaatcata aatggttcac cgatatcgat tgggatgatg 1020 

tacaaaatat gaagcttacc cctacaatca ttccgacatt atattcaaac ggagatacgg 1080 

gcaatttcga ttcttatgat gaatgcagcg atgatgaaat tgcagcacct caacatgagc 1140 

tcgaactatt cgaagactgg tgatacattg tatatgtgct gtgtgtgcat tatgtatgta 1200 

tatatatcca ctccctgtcg cactcattaa ccatctttta gaaattatgt tctcatcaca 1260 

ttgtgttctt atttacacca acaaataaca tgcgcatgcg catgttcgag tactgctaaa 1320 

aattttgtgt agaccc 1336 

<210> 103 
<211> 334 
<212> PRT 
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<213> Rattus norvegicus 
<400> 103 

Glu Phe Leu Ser Lys Ala Lys Glu Asp Phe Leu Arg Lys Txp Glu Asn 
15 10 15 

Pro Pro Pro Ser Asn Ala Gly Leu Glu Asp Phe Glu Arg Lys Lys Thr 
20 25 30 

Leu Gly Thr Gly ser Phe GXy Arg Val Met Leu Val Lys His Lys Ala 
35 40 45 

Thr Glu Gin Tyr Tyc Ala Met Lys lie Leu Asp Lys Gin Lys Val Val 
50 55 60 

Lys Leu Lys Gin He Glu His Thr Leu Asn Glu Lys Arg He Leu Gin 



Ala Val Glu Phe Pro Phe Leu Val Gly Leu Glu Tyr Ser Pha Lys Asp 
85 90 95 

Asn Ser Asn Leu Tyr Met Val Met Glu Tyr Val Pro Gly Gly Glu Met 
100 105 110 

Phe Ser His Leu Arg Arg He Gly Arg Phe Ser Glu Pro His Ala Arg 
115 120 125 

Phe Tyr Ala Ala Gin He Val Leu Thr Phe Glu Tyr Leu His Ser Leu 
130 135 140 

Asp Leu He Tyr Arg Asp Leu Lys Pro Glu Asn Leu Leu He Asp His 
145 150 ISS 160 

Gin Glv Tyr He Gin Val Thr Asp Phe Gly Phe Ala Lys Arg Val Lys 
165 170 175 

Gly Arg Thr Trp Thr Phe Cys Gly Thr Pro Glu Tyr Leu Ala Pro Glu 
180 185 190 

He He Leu Ser Lys Gly Tyr Asn Lys Ala Val Asp Trp Trp Ala Leu 
195 200 205 

Gly Val Leu He Tyr Glu Met Ala Ala Gly Tyr Pro Pro Phe Phe Ala 
210 215 220 

Asp Gin Pro He Gin He Tyr Glu Lys He Val Ala Gly Lys Val Arg 
225 230 235 240 

Phe Pro Ser His Phe Ser Ser Asp Leu Lys Asp Leu Leu Arg Asn Leu 
245 250 255 
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Leu Gin Val Asp Leu Thr Lys Arg Piie Gly Asn 
260 265 



Leu Lye Asp Gly Val 
270 



Asn Asp He Lys Asn His Lys Trp Phe Ala Thr 
275 280 



Thr Glu Trp He Ala 
285 



He Tyr Pro Arg Lys Val GXu Ala Pro Phe He 
290 295 



Pro Lye Phe Lys Gly 
300 



Phe Gly Asp Thr Ser Asn Phe Asp Asp Tyr Glu 
305 310 315 



Glu Glu Glu He Arg 
320 



Val Arg He Thr Glu Lys Cys Gly Lys Glu Phe 
325 330 



Ser Glu Phe 



<210> 104 
<211> 1002 
<212> msA 

<213> Eattus norvegicus 
<400> 104 

gaattcctat ccaaagccaa agaagacttt ctgaggaaat gggagaaccc tcccccgagt 60 

aatgctgggc ttgaggattt tgaaaggaaa aaaaccttgg gaacgggttc cttcggaaga 120 

gtcatgctgg taaagcataa ggccactgag cagtactacg ccatgaagab cttagacaag 180 

cagaaggtcg ttaagctaaa gcaaatagag cacactctga atgagaagag aatcctgcag 240 

gcagtggagt tcccgttcct tgttgggctg gagtattctt ttaaggataa ttctaattta 3 00 

tacatggtta tggaatacgt tcctgggggg gaaatgtttt cacatctaag aagaattgga 360 

aggttcagtg aaccceatgc tcgtttctat gcagctcaga tcgtgctaac atttgagtac 420 

ctccattccc tcgacctcat ctacagagat ctcaagccgg aaaacctctt aattgaccac 480 

cagggttaca tccaggtcac agattttggg ttcgccaaga gagtcaaggg caggacttgg 540 

acattcfcgtg gcaccccaga gtacctggcc ccagagatca tcctcagcaa gggttacaat 600 

aaggcagtgg actggtgggc attgggtgta ctgatctacg agatggctgc tggctacccc 660 

ccgttctttg Gtgaccagcc aattcagatt tatgagaaga ttgttgccgg aaaggtccgc 720 

ttcGcgtcgc acttcagttc cgatctcaag gaccttctgc ggaatctgct gcaggtggat 780 

ctcaccaagc gctttggaaa ccttaaggac ggggttaatg acatcaaaaa ccacaagtgg 840 

tttgctacta ccgaatggat cgcgatttac ccgagaaagg ttgaggctcc tttcatacca 900 

aaattcaaag gctttggcga tacatctaac ttcgatgact atgaagaaga agagatccga 960 

gtccgtataa cagaaaaatg tggaaaggag ttttctgaat tt 1002 

<210> 105 

<211> 207 

<212> PRT 

<213> Homo sapiens 

<400> 105 
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Qlu Phe Leu Ala Lys Ala Isys Glu Asp Phe Leu Lys Lys Trp Qlu Ser 



Pro Ala Gin Asn Thr Ala His Leu Asp Gin Phe Glu Arg He Lys Thr 
20 25 30 

Leu Oly Thr Gly Ser Phe Gly Arg Val Met Leu Val Lys His Lys Glu 

35 40 45 

lair Gly Asn His Tyr Ala Met Isya He Leu Asp Lys Qln Lys Val Val 
50 55 60 

Lys Leu Lye Gin He Glu His Thr Leu Asn Glu Lys Arg He Leu Qln 



Ala Val Asn Phe Pro Phe Leu Val Lys Leu Glu Phe Ser Phe Lye ABp 
85 90 95 



Phe Ser His Leu Arg Arg He Gly Arg Phe Ser Qlu Pro His Ala Arg 
115 120 125 



Asp Leu He Tyr Arg Asp Leu Lys Pro Glu Asn Leu Leu He Asp Gin 

145 150 155 ISO 

Gin Gly Tyr He Gin Val Thr Asp Phe Gly Phe Ala Lys Arg Val Lys 

165 170 175 



He He Leu Ser Lys Val Gly Ala Ser Pro Ala Leu Pro Phe Pro 
195 200 205 



<210> 106 

<211> 936 

<212> DNA 

<213> Homo sapiens 

<400> ICS 



gaattcttag 


ccaaagccaa agaagatttt 


cttaaaaaat 


gggaaagtcc 


cgctcagaac 


60 


acagcccact 


tggatcagtt tgaacgaatc 


aagacectcg 


gcacgggctc 


cttcgggcgg 


120 


gtgatgctgg 


tgaaacacaa ggagaccggg 


aaccactatg 


ccatgaagat 


cctcgacaaa 


180 


cagaaggtgg 


tgaaactgaa acagatcgaa 


cacaccctga 


atgaaaagcg 


catcctgcaa 


240 


gctgtcaact 


ttccgttcct cgtcaaactc 


gagttctcct 


tcaaggacaa 


ctcaaactta 


300 


tacatggtca 


tggagtacgt gcccggcggg gagatgttct eacacctacg 


gcggatcgga 


360 
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aggttcagtg 


agccccatgc 


ccgtttctac 


gcggoccaga tcgtcctgac ctttgagtat 


420 


ctgcactcgc 


tggatctcat 


ctacagggac 


ctgaagccgg agaatctgct cattgaccag 


480 


cagggctaca 


ttcaggtgac 


agacttcggt 


ttcgccaagc gcgtgaaggg ccgcacttgg 


540 


accttgtgcg 


gcacccctga 


gtaeofcggce 


cctgagatta tcctgagcaa agtaggagcc 


600 


tccccagccc 


tccccttccc 


ctgaggccgg 


ctctgctctc ctgctctcgc ctcctcctca 


660 


ccctgtgccG 


CGCcatcttg 


ctccagggct 


acaacaaggc cgtggactgg tgggccctgg 


720 


gggttcttat 


ctatgaaatg 


gcogctggct 


acccgccctt cttcgcagac cagcccatcc 


780 


agatctatga 


gaagatcgtc 


tctgggaagg 


tgaggfcecgg atgtgggaca cag'ccctgga 


840 


agaaacagac 


cgttccctgc 


tcacccatcc 


tattccctgg ggagccctgc ttgttgteag 


900 


aataatctag 


aagttcctta 


aaaaaaaaaa 


aaaaaa 


936 


<210> 107 
<211> 377 
<212> DNA 

<213> Aplysia calif ornica 






<400> 107 
tacgcactgg 


aaaataattc 


agctgtcaaa 


tatctgttac tatcgtgtta cagccaaaag 


60 


ctcgtttaaa 


ttgtcatttt 


tcaaatcatt 


ttaggatttt gaaattgttt ttattcattt 


120 


tgagttcagg 


aagaatgtaa 


tgaaatatca 


Gtacccggaa cgaccgtgtt tcttgcattg 


180 


attcggtaat 


aaacatttct 


cagttctgag 


agaagaggtg ttagtattgt ttgtggcttt 


240 


cgtgttgcgt 


gcgtggacta ggattcttat 


cgggattaca cttctgtttt tcaaactaac 


300 


gggattatct 


gctcagcacc 


tgtttgtgca 


gtcaaacact atcagattgg aggtgcagta 


360 


gcagttacac 


tcaggat 






377 



<210> 108 
<211> 67 
<212> PRT 

<213> Aplysia calif ornica 
<400> 108 

Met Ala Asp lie He His Lys Leu Phe Gly Gin Lys His Gly Lys His 
15 10 15 

Ser Asp Gin Gly Ala Lys Ser Ser Asp Gly Qlu Qly Tyr Thr Lys Gin 
20 25 30 

Gin His Glu Phe Phe Lys Glu Phe Leu Ala Arg Ala Lys Glu Qlu Phe 
35 40 " 45 

Gin Asn Lys Trp Asp His Pro Pro Ala Ser Thr Ser Cys Leu Asp Asp 
50 55 60 

Phe Asp Arg 
65 
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<210> 109 
<211> 343 
<212> DHA 

<213> Aplysia califomica 
<400> 109 

ctgcagcaac aacaactgct acaacaacaa cgtgttcaaa cgtttcggag gattattcac 60 
taccgacacg gaggaagcaa ctgcgccgtt gattggattt gaaccccgaa cctttcagaa 12 0 
tcggggtggt tgagcgaccg aaatggctga tattathcac aagttgttcg gtcagaaaca 180 
tggaaagcat tcggatcagg gagccaagtc gtctgatgga gaaggctaca ccaaacagca 240 
gcacgagttc ttcaaagaat tcttggccag agccaaagag gaatttcaga acaaatggga 300 
tcacccacca gcaagcacat catgcttaga cgacttcgac aga 343 

<210> 110 

<2H> 351 

<212> PRT 

<213> Mus musculus 

<400> 110 

Met Gly Asn Ala Ala Ala Ala Lys Lys Gly Ser Glu Gin Glu Ser Val 
15 10 15 

Lys Glu Phe Leu Ala Lya Ala Lys Glu Asp Phe Leu Lys Lys Trp Glu 

20 25 30 

Thr Pro Ser Gin Asn Thr Ala Gin Leu Asp Gin Phe Asp Arg He Lys 
35 40 45 

Thr Leu Gly Thr Gly Ser Phe Gly Arg Val Met Leu Val Lys His Lys 
50 55 60 

Glu Ser Gly Asn His Tyr Ala Met Lys He Leu Asp Lys Gin Lys Val 
65 70 75 80 

Val Lys Leu Lys Gin He Glu His Thr Leu Asn Glu Lys Arg He Leu 



Gin Ala Val Asn Phe Pro Phe Leu Val Lys Leu Glu Phe Ser Phe Lys 
100 105 110 



Met Phe Ser His Leu Arg Arg He Gly Arg Phe Ser Glu Pro His Ala 
130 135 140 

Arg Phe Tyr Ala Ala Gin He Val Leu Thr Phe Glu Tyr Leu His Ser 
145 150 155 160 
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Leu Asp Leu lie Tyr Arg Asp Leu Lys Pro Glu Asn Leu Leu lie Asp 
165 170 175 

Gin Gin Gly Tyr He Gin Val Tkr Asp Pbe Ely Phe Ala Lys Arg Val 
180 185 190 

Lys Gly Arg Thr Trp Thr Leu Cys Gly Thr Pro C31u Tyr JUeu Ala Pro 
195 200 205 

Glu He He Leu Ser Lys Gly Tyr Asn Lys Ala Val Asp Trp Trp Ala 
210 215 220 

Leu Gly Val Leu He Tyr Glu Met Ala Ala Gly Tyr Pro Pro Phe Phe 
225 230 235 240 

Ala Asp Gin Pro He Gin He Tyr Glu Lys He Val Ser Gly Lys Val 
245 250 255 

Arg Phe Pro Ser His Phe Ser Ser Asp Leu Lys Asp Leu Leu Arg Asn 
260 2S5 270 

Leu Leu Gin Val Asp Leu Thr Lye Arg Phe Gly Asn Leu Lys Asn Gly 
275 280 285 

Val Asn Asp He Lys Asn His Lys Trp Phe Ala Thr Thr Asp Trp He 
290 295 300 

Ala He Tyr Gin Arg Lys Val Glu Ala Pro Phe He Pro Lys Phe Lye 
305 310 315 320 

Gly Pro Gly Asp Thr Ser Asn Phe Asp Asp Tyr Glu Glu Glu Glu He 
325 330 335 

Arg Val Ser He Asn Glu Lys Cys Gly Lys Glu Phe Thr Glu Phe 
340 345 350 

<210> 111 
<211> 2292 
<212> DWA 
<213> Mus musculus 

<400> 111 

cttgggctga ggctcccccg cgggcgggcg cagagagacg cgggaagcag gggctgggcg 60 

ggggtcgtgg cgccgcagcc agcgcagcca gccccagggg ccgccgcctc cgctgcccag 120 

cgcgctccgg ggccgccggc caccttagca cccgccgcgt cgcagctccg ggactggccc 180 

cggccgcgac gccgccgcga tgggcaacgc cgccgccgcc aagaagggca gcgagcagga 240 
gagcgtgaaa gagttcctag ccaaagccaa ggaagatttc ctgaaaaaat gggagacccc 

ttctcagaat acagcccagfc tggatcagtt tgatagaatc aagacccttg gcaccggctc 360 

ctttgggcga gtgatgctgg tgaagcacaa ggagagtggg aaccaetacg ccatgaagat 420 



300 
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cttagacaag 


cagaaggtgg 


tgaagctaaa 


gcagatcgag caeactctga atgagaagcg 


480 


catcctgcag 


gcogtcaact 


tcccgttcct 


ggtcaaactt gaattctcct tcaaggacaa 


540 


ctcaaacctg 


tacatggtca 


tggagtatgt 


agctggtggc gagatgttct cccacctacg 


eoo 


gcggattgga 


aggttcagcg 


agccccatgc 


ccgtttctac gcggcgcaga tcgtcctgac 


660 


ctttgagtat 


ctgcactccc 


tggacctcat 


ctaccgggac ctgaagcccg agaatcttct 


720 


catcgaccag 


cagggctata 


ttcaggtgac 


agacttcggt tttgccaagc gtgtgaaagg 


780 


ccgtacttgg 


accttgtgtg 


ggacccctga 


gtacttggcc cccgagatta tcctgagcaa 


840 


aggctacaac 


aaggctgtgg 


actggtgggc 


tctcggagtc ctcatctacg agatggctgc 


900 


tggttacoca 


cccttcttcg 


ctgaccagcc 


tatccagatc tatgagaaaa tcgtctctgg 


960 


gaaggtgcgg 


ttcccatccc 


acttcagctc 


tgacttgaag gacctgctgc ggaaccttct 


1020 


gcaggtggat 


Gtcaccaagc 


gctttgggaa 


cctcaagaac ggggtcaatg acatcaagaa 


1080 


ccacaagtgg 


tttgccacga 


ctgactggat 


tgccatctat cagagaaagg tggaagctcc 


1140 


cttcatacca 


aagtttaaag 


gccctgggga 


cacgagtaac tttgacgact atgaggagga 


1200 


agagatccgg 


gtctccatca 


atgagaagtg 


tggcaaggag tttactgagt tttaggggtg 


12S0 


tgcttgtgcc 


ccttgggttc 


tctttcattt 


tttctttttc tttctatttt ttttccggtt 


1320 


gggggtggga 


gggttggatc 


gaacagccag 


agggccctag agttccatgc atctaattta 


1380 


acatccactc 


cacacccGca 


gggttaagga 


gagcaggaaa gcgctccaga tactggggaa 


1440 


ggggcaacat 


cagctgctcc 


ccctctccct 


tcttctccac ccttccctgc ctgttttcaa 


1500 


tgaatttctt 


agctccagcc 


atacccaatc 


ttgctggtgt atccaggggc agggtacgga 


1560 


aagagggccc 


caaattcagc 


ctccttcccg 


accctagcac tggatactaa ggatgaacga 


1620 


acagtaacgc 


caaccttccc 


ttccatgcag 


ccctacctgg aaagggagat tttatgacct 


1680 


gtacagaggg 


ctgcttgcca 


gtggggtttfc 


tfctttttttt tcatttaaat taagttocac 


1740 


cagtgcctcc 


caccctccaa 


actgtcccac 


cctccccaaa caccctcctc actccctaaa 


IBOO 


tccattctga 


tgagacccgg 


gtagccaact 


gaccctgtca aggaaggaac tgggcttgga 


1B60 


atctcgccct 


gagctgctag 


cctcccggcc 


ccccfcttcca gtggtctcat gccaattgtc 


1920 


ctgtgcatca 


gccGccttaa 


gaagcctccc 


ccatcctggg egcctcgctt ctagcttagc 


1980 


tgtcagctgt 


ccatcacctc 


ttgccgtgcg 


tccccactca ctgcaacccc aagtctgatt 


2040 


gtgctttttc 


tctcaataga 


aaggtgggga 


gctgctgggg aaattacccc atttatccct 


2100 


gtgtttatcc 


ctctogtaac 


fctctcccaaa 


aaggaggagc tctcaggcct gggtgggggc 


2160 


cccgggtgga 


cgagggggtc 


gttcaacctg 


tgtgcttcga aggatgagac ttcctcttga 


2220 


acagtgtgct 


gttgtaaaca 


tatttgaaaa 


ctattaccaa taaagttttg ttttaaaaaa 


2280 


aaaaaaaaaa 


aa 






2292 



<210> 112 
<211> 115 
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<400> 112 

Met lie Pro Ala Lys Asp Met Ala Lys Val Met lie Val Met I^u Ala 
15 10 15 



lie Cys Phe hsn Thr Lys Ser Asp Gly Lys Ser Val Lys Lys Arg Ser 
20 25 30 

Val Ser Qlu lie Gin Leu Met His Asn Leu Gly Lys His Leu Asn Ser 
35 40 45 

Met Qlu Arg Val Glu Tirp Leu Arg Lys Lys Leu Gin Asp Val His Asn 
50 55 60 

Phe Val Ala Leu Gly Ala Pro Leu Ala Pro Arg Asp Ala Gly Ser Gin 



Arg Pro Arg Lys Lys Glu Asp Asn Val Leu Val Glu Ser His Glu Lys 
85 90 95 

Ser Leu Gly Glu Ala Asp Lys Ala Asp Val Asn Val Leu Thr Lys Ala 
100 105 110 



<210> 113 

<211> 175 

<212> PRT 

<213> Homo sapiens 

<400> 113 

Met Gin Arg Arg Leu Val Gin Gin Trp Ser Val Ala Val Plie Leu Leu 
15 10 15 

Ser Tyr Ala Val Pro Ser Cys Gly Arg Ser Val Glu Gly Leu Ser Arg 
20 25 30 

Arg Leu Lys Arg Ala Val Ser Glu His Gin Leu Leu His Asp Lys Gly 
35 40 45 

Lys Ser He Gin Asp Leu Arg Arg Arg Phe Phe Leu His His Leu He 
50 55 60 

Ala Glu He His Thr Ala Glu He Arg Ala Thr Ser Glu Val Ser Pro 



Asn Ser Lya Pro Ser Pro Asn Thr Lys Asn His Pro Val Arg Phe Gly 
85 90 95 
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Thr Tyr Lys Glu Sin Pro Leu Lys Thr Pro Gly Lys Lys hya Lys Gly 
lis 120 125 



ser Ala Trp Leu Asp Ser Gly Val Thr Gly Ser Gly Leu Glu Gly Asp 
145 150 155 160 



His Leu Ser Asp Thr Ser Thr Thr Ser Leu Glu Leu Asp Ser Arg 
165 170 175 



<210> 
<211> 
<212> 
<213> 



PET 

Artificial Sequence 



<220> 
.<22l> 
<222> 
<223> 



MlSC_PEATtmE 
(10) . . (10) 



The residue at this position can be Serine or Aspartic acid. 



Ala Val Ser Glu His Gin Leu Leu His Xaa 



<212> PUT 

<213> Artificial Sequence 



<223> Synthetic 
<400> 115 

Ser Val Ser Glu lie Gin Leu Met Asn Leu 



<210> 116 

<ail> 21 

<212> PRT 

<213> Artificial Sequence 



<223> Synthetic 
<400> 115 

Val Ala Pro Ser Asp Ser lie Gin Ala Glu Glu Trp Tyr Phe Gly Lys 



10 



15 
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lie Thr Arg Arg Glu 



84/84 



